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INTRODUCTION 


This manual, consisting of Volumes I and II, is 
one of seven R-3896-series technical manuals 
prepared to provide official Rocketdyne field 
support documentation for the operation and 
maintenance of the F-1 Rocket Engine, Part 
Number 104001, Serial Numbers F-2029 through 
F-2098, and its related ground support equip- 
ment, designed and manufactured by Rocketdyne, 
a division of North American Rockwell Corpora- 
tion, 6633 Canoga Avenue, Canoga Park, Cali- 
fornia 91304, The information in these manuals 
was prepared by Logistics Publications & Train- 
ing Department of Rocketdyne. 


The manuals are used to best advantage when 
each manual is current and complete (see fig- 
ure 1) and the purpose and scope of each man- 
ualis known, The manuals in this series, and 
the nature of the data each provides, are found 
in the contents and support function chart. 


1. F-1MANUALS--THEIR SUPPORT 
FUNC i IONS, 


The manuals’ conterts and support functions 
chart lists all F-1 series technical manuals, 
describes the support function each manual 
serves, and lists the section titles of each 
manual, The chart also explains how the tech- 
nical data in each manual relates to the support 
of the engine and its ground support equipment 
throughout a normal engine flow, as well as 
during unscheduled maintenance tasks. Informa-~ 
tion appearing in one manual is not duplicated 
in another, Thus, information on the descrip- 
tion, operation, and maintenance of ground 
support equipment is in R-3896-5. However, 
the instructions for servicing the engine using 
ground support equipment are in R-3896-3 and 
R-3896-11. 


Section and Title 


Manual Contents and Support Function 
R-3896-1 This manual contains a physical I Description and Operation 
F-1 Rocket Engine description of the various F-1 IX Interface Design Criteria 


Data 


engine systems and the individual 1933 


Performance 


engine system components; a de-~ 
cription of the flow the engine follows 
from the tirne il 1s accepted by the 
Customer through Apollo/Saturn V 
launch; data pertaining to engine 
design characteristics including 
environmental conditions, attitude, 
mass properties data, turbopump 


iniet propellant conditions, and inter- 
face connections for mating the 
engine with the S-IC of the Saturn V 
vehicle; and nominal engine per- 
formance characteristics, methods 
for predicting engine variable char- 
acteristics, and other pertinent in- 
formation that can be used as an aid 
for analyzing and/or determining 
specific engine performance. ‘The 
manual serves to familiarize the 
reader with the design and operation 
of the F-1 engine and serves as a 
training aid document. 
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R-3896-3, Volume I 
F-1 Rocket Engine 
Maintenance and 
Repair 


R-2896-3, Volume II 
F-1 Rocket Engine 
Maintenance and 
Repair 
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Contents and Support Function 


This manual contains general main- 


tenance practices that are peculiar 
to the engine covered in this volume 
and to the component repair proce- 
dures contained in Volume II of this 
manual; the use of engine, thrust 
chamber, and nozzle extension 
ground support equipment and the 
tasks necessary to prepare the 
equipment for maintenance using 
the applicable pieces of ground sup- 
port equipment; detailed procedures 
for component removal, reinstalla- 
tion, or replacement, and the post- 
installation test requirements that 
will verify the integrity of engine 
systems affected by the removal of 
individual engine components and 
lines. This volume and Volume II 
provide the necessary maintenance 
and repair data to perform unsched- 
uled maintenance tasks on an unin- 
stalled engine and the required 
post-maintenance tests to determine 
that the engine is in an operable 
condition. 


This manuel contains cleaning, in- 
specting, repairing, and testing 
procedures for the individual engine 
components. This manual provides 
the data to restore and/or maintain 
somponents of the engine in an oper- 
able condition for reinstallation on 
the engine or assignment as a spare. 
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Section and Title 


See detailed table of contents for 


this manual, 


J Quick-Disconnect 

II Gas Generator 

TI Gas Generator Ball Valve 

I¥ Gas Generator Injector Purge 
and Pump Seal Purge Check 
Valve 

Vv Deleted 

VI Heat Exchanger 

VII Heat Exchanger Check Valve 

VIIL_ Thrust Chamber (Installed) 

IX Thrust Chamber (Uninstalled) 

X Thrust OK Pressure Switch 

XT Inert Prefill Check Valve 

XII =Oxidizer Dome Purge Check 
Valve 

MII «=Oxidizer Valve 

XIV Fuel Valve 

XV =Turbopump 

XVA Turbine 

AVI Bearing Coolant Control Valve 

XVII Deleied 

XVIII Electrical Harness 

XIX Hypergol Manifold 

XX Ignition Monitor Valve 

XXI Checkout Valve 

XXII Engine Control Valve 


Manual 


R-3896-3, Volume II 
(cont) 


R-3896-4 

F-1 Rocket Engine 
Illustrated Parts 
Breakdown 


R-3896-5, Volume I 
F-1 Rocket Engine 
Ground Support 
Equipment Mainte- 
nance and Operation 
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Contents and Support Function 


This manual contains illustrative 
and columnar listings of all parts 
of the engine that can be disassem- 
bled, reassembled, repaired, re- 
placed, or overhauled. This 
manual locates and identifies the 
interrelationship of parts, aids 

in the requisition of replacement 
parts, indicates part usage and 
interchangeability and recommended 
repair or replacement for the F-1 
engine and its individual components 
and parts. 


This manual contains safety re- 
quirements and general maintenance 
practices peculiar to the equipment 
covered in this volume and to equip- 
ment and T-tools covered in Volume 
II of this manual; inspection re- 
quirements, physical description, 
operation, intended usage, operating 
limitations, periodic maintenance, 
and parts listings with maintenance- 
level codes for the F-1 engine 
fround support equipment covered 
in this volume. This volume pro- 
vides data to restore and/or main- 
tain the F-1 rocket engine ground 
support equipment in an operable 
condition. 


XXII 
XXIV 


XXV 
XXVI 
XXVII 
AAVIT 
XXIX 
XXX 


XXXI 


I 
il 
Ir 


Introduction 


Section and Title 


Four~Way Solenoid Valve 
Thrust Chamber Nozzle 
Extension 

Pressure Transducer 
Temperature Transducer 
Flight Instrumentation 
Junction Boxes 

Rigid Ducts, Flexible Lines, 
and Braided Flex Hoses 
Redundant Shutdown Vaive 
Volumetric Liquid Oxygen 
Transducer (Oxidizer 
Flowmeter) 

Gimbal Boot, Insulation 
Boot, and Insulation Seal 


Introduction 
Group Assembly Parts List 
Numerical Index 


General Matntenance and 
Repair 


Hydraulic Pumping Unit 
G2025 

Hydraulic Pumping Unit 
G2026 

Accumulator Unit G2027 
Engine Checkout Console 
G3 142 

Pneumatic Flow Monitors 
G3130 and G3131 

Engine Vertical Installer 
G4049 

Engine Rotating Sling G4050 
Flight Combustion Monitor 
703227 

Components Test Console 
G3141 and Components 
Adapter Set G3143 
Cryogenic Supply Unit G3 146 
Pneumatic Flow Testers 
G3104 and G3104MD1 
High- Voltage Igniter 
Tester G3153 and Inert 
Igniter 9026622 
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R-3896-5, Volume II 
F-1 Rocket Engine 
Ground Support 
Equipment Mainte- 
nance and Operation 


R-3896-6 

F-1 Rocket Engine 
Thermal Insulation 
Installation and 
Repair 


R-3896-3 
Volume I 


Contents and Support Function 


et er se erent ar le A CE Reet a 


This manual contains inspection 
requirements, physical descrip- 
tion, operation, intended usage, 
operating limitations, periodic 


maintenance, and parts listing 


with maintena:ce-level codes for 


the F-1 engine ground support 


equipment end items that are con- 
sidered tools (ie, test kits, sets, 


and toois) and T-tools. This 


volume provides data necessary 
to determine that those items of 
ground support equipment covered 
by this volurne and the F-1 field 
T-tools are in an operable condi- 


tion, 


This manual contains a description 
of the thermal insulation panels, 
special tools and equipment, in- 
stallation and removal procedures, 
access provisions, repair data, 
and applicable packaging, storage, 
and handling information. This 
manual provides inforination per- 


tinent to the maintenance and 
repair of F-1 engine thermal 
insulation. 
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Section and Title 


Impact Recorder Unit G4090 
and 99-9014031 

Componenrs Welding Sets 
9026560, 9926561, and 
9026570 

Handling and Shipping 
Fquipment 


Test Kits, Sets, and Tools 
T-Tools 
Dummy Weight T-Tools 


Description 

Special Tools and Equipment 
Installation and Removal 
(Engines F-2003 Through 
F-2016) 

Installation and Removal 
(Engines F-2017 and 
Subsequent) 

Access Provisions 
Repair 

Storage and Handling 


R-3896-3 
Volume I 


Manual 


R-3896-9 
F-1 Rocket Engine 
Transportation 


R-3896-11 

F-1 Rocket Engine 
Operating 
Instructions 


Contents and Support Function 


This manual contains procedures 
for preparing the F-1 rocket engine, 
nozZle extension, thermal insula- 
tion, and miscellaneous engine 
loose equipment for shipment, and 
procedures for shipping by truck, 
air, or water. Included are rec- 
ommended truck-, air~, and water- 
transport check lisis, which may be 
used to make sure that procedures 
and in-transit inspection have been 
performed, 


This manual contains complete, 
authorized field operating require- 
ments that affect F-1 flight en- 

gines F~2029 through F-2098 during 
normal operational flow from engine 
receipt at MAF through vehicle 
launch. Specific and general require- 
ments and procedures for normal F-1 
engine activities are provided and 
include acceptability criteria and 
limits, special constraints, safety 
precautions, and correct sequences 
required to satisfactorily accomplish 
the activities. 


I 
II 
393 
IV 


1 
II 
I 


Introduction 


Section and Title 


Preparation for Shipping 
Shipping by Truck Transport 
Shipping by Air Transport 
Shipping by Water Transport 


Operating Requirements 
General Requirements 
Operating Procedures 
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USE YOUR MANUAL ONLY IF CURRENT 
AND COMPLETE 


Manuals that are not current and complete 
are not authoritative documents and are not 
to beused. The following outlines the method 
for determining whether your manual is cur- 
rent and complete. 


A. DETERMINING CURRENCY. To besure 
that yours is the latest issue of the manual, 
refer to Confizuration Identification & Status 
Report , which is revised monthly and lists 
the technical manual numbers, titles, unin- 
corporated supplements, and latest change 
or revision dates. Your manual must have 
a title page with the same or later date than 
the date shown in the Configuration Identifi- 
cation & Status Report. Your manual must 
also include the unincorporated supplements 
listed in the Configuraticn Identification & 
Status Report, or if your manual is later than 
shown in the report, the unincorporated sup- 
plements listed in the Manual Data Supple- 
ment Record in your manual. If your title 
page incorporates two dates as illustrated be- 
low, compare the change (lower) date. Ifyour 
manual is not current, obtain a current copy 
through your technical manual supply system. 


24 WULY 1967 
CHANGE SG 3 TULY 1568 


B. DETERMINING COMPLETENESS. To 
be sure that your manual is complete, make 
a page-by-page comparison of its pages to 
those sisted in the List of Effective Pages. 
The List of Effective Pages, which shows the 
change status since the basic issue or last 
revision, is found on the alphabetically )et- 
tered page(s) immediately following the title 
page. All pages, except supplements, are 


listed with thelr issue dates. Manual pages 
thatare dated must have the same date as that 
appearing in the List of Effective Pages for 
that page. Unchanged pages are listed as 
‘original’ and are not dated, 


HOW TO KEEP YOUR MANUAL 
UP-TO-DATE 


As design changes are made to the rocket en- 
gine and ground support equipment and better 
methods of maintenance are discovered, your 
manual is periodically changed, revised, or 
supplemented. The following steps will help 
you keep your manual up-to-date: 


A. CHANGES. Updating by adding to or par- 
tially replacing existing pages is defined as 
a change. Changes can be identified by the 
change notice on the new title page. 


AATESE CHANGEO FACES SUPITIEOS 


1Nf SQME PAGES OF PETYIONs Date 


Tocollatea change, refer tu the Filing Instruc- 
tions sheet 1ssued with the manual and proceed 
as follows: 


1. Remove the pages listedinthe "Remove" 
column of the Filing Instructions sheet 
from the manual and destroy them, Do 
not concern yourself with the data on the 
opposite side of the deleted page since, 
if this date is not deleted, it is replaced 
in the change package, 


2. Insert all pages listed in the "Insert" 
column of the Filing Instructions sheet 
in sequence, Pages with a swfix letter 
are inserted in alphabetical order follow- 
ing the page withthe same basic number; 
for example, pages 3-14A, 3-14B, etc, 
follow page 3-14, 


(GSEN-NASA-1A 


Figure 1. How to Maintain Your Manual (Sheet 1 of 2) 
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3. If you are unsure of the status of any 
page or pages, refer tothe List of Effec- 
tive Pages and make sure your manral 
contains pages (with the corresponding 
change dates) listed in the List of Effec- 
tive Pages. 


4, Remove manual supplements that have 
been incorporated, 


NOTE 


Incorporated supplements can be 
determined by reviewing the newly 
issued Manual Data Supplement 
Record. 


B. REVISIONS. Updating by replacing ail 


the existing pages of a manual is defined as 
a revision. Revisions canbe identified by the 
replacement notice on the new title page. 


THIS PUBLICATION REPLACES TECHNICAL 
MANUAL R-XAXX~X DATED I APRIL 1969 


To collate a revision, proceed as follows: 


1. Removeand destroy all existing pages of 
your manual except Manual Data Supple- 
ments that have not been incorporated. 


NOTE 
Unincorporated supp/ements canbe 
identified by reviewing the Manual 
Data Supplement Record supplied 
in the revision. 


2, Insert the new pages in your cover, 


Introcuction 


C. SUPPLEMENTS. Updating that author- 
izes the addition to, or alteration of, the ex- 
isting data in your manual is defined 15 a 
Manua] DataSupplement. Informationon how 
to insert supplements is found in the supple- 
ments. 


HOW TO KEEP ABREAST OF THE LATEST 
CHANGES TO TECHNICAL DATA 


Changes and/or additions to technical data 
are identified by a vertical bar (change bar) 
in the margin of the page adjacent to the 
changed data. A direct comparison between 
the new (identified by the change bar)and the 
old data will help you in identifying specific 
changes made. 


GEN-NASA-2 


Figure i, How to Maintain Your Manual (Sheet 2 of 2) 
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2. CONFIGURATION IDENTIFICATION, 


EQUIPMENT CONFIGURATION. The MD 
identification symbol and the equipment mode! 
designation indicate the configuration of the 
equipment and distinguish it from models in- 
corporating different changes and from basic 
models. A basic, unchanged configuration of 
the equipment has no MD identification symbol. 
MD identification symbols are added as changes 
affecting configuration are incorporated into 
the equipment. The MD identification symbol 
is stamped on the MD plate, which is mounted 
near the engine identification plate. 


MD IDENTIFICATION SYMBOLS. On MD 
ideatification plate RD171-1022-0001, the 
identification symbol is a composite number 
representing all the changes affecting config- 
uration (MD changes) that are incorporated or 
not incorporated into the equipment. The 
symbol] represents a consecutively numbered 
series of MD changes. Any MD change, or 
series of MD changes, not incorporated is 
represented by an "X."" Multi-digit numbers 
are underlined. Two figures together repre- 
sent the limits of a series of incorporated MD 
changes. Figure 2 illustrates how MD changes 
incorporated in the equipment are represented 
by the MD identification symbol. 


MD identification plates RD171-1052-0001 
through -0006 have pre-printed numbers from 
1 through 100 on the -0001 plate, 101 through 
200 on the -0002 plate, etc. Modifications that 
are incorporated into the equipment are repre- 
sented by the letter P (production) or K (kit) 
stamped in the square directly to the right of 
the applicable number. Omission of a P or K, 


indicates that the MD change is not incorporated. 


A P or K witha bar (--) marked through the 
letter (R, %) indicates a MD change deleted in 
its entirety by the incorporation of a later MD 
change. Figure 2 illustrates how MD changes 
incorporated into the equipment are represented 
by the MD identification symbol. 


MANUAL REFERENCE, A reierence that 
appears in the manual may refer to a series of 
MD changes or to an individual MD change; for 
example, ''MD9" refers to MD1 through MD9, 
but 'MD9 change" refers to the individual MD 
change 9. Whenan MD reference appears in 
this manual, examine the MD identification 
symbol on the equipment to determine which 
set of information is applicable, 
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3. CONFIGURATION CHANGES-- MANUAL 
EFFECTIVITY. 


All approved FCPs (Engineering Change Pro- 
posals) and associated MD numbers applicabie 
to the equipment covered in this manual are 
listed in figure 3, The date in the last column 
is the publication date of the manual during 
which the change made by the ECP was incor- 
porated. When N/A is entered, the ECP docs 
not change the data in the manual, 


MD1 THROUGH MD? INCORPORATED 
MD19 NOT INCORPORATED 
MD11 AND MD12 INCORPORATED 


(> MD13 NOT INCORPORATED 


MD14, MDI5, AND MDI6. 
INCORPORATED 
— MD17 NOT INCORPORATED 
Ni MD18 INCORPORATED 
“MD IDENT | IDENT [xii Mf 


| eee oleae Siac ars eT 


RD171- 1022-0001 PLATE 


- M1 INCORPORATED 
IN PRODUCTION 


—— Mi} INCORPORATED 
BY KIT 


MD10 NOT 
INCORPORATED — 


MD IDENTIFICATION 


RD171- 1052-0001 PLATE 


Figure 2, MD System 
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Volume I 
Engine configuration information is in R-5857, | engine designation. For F-1 engine serial 
Saturn F-1 Configuration Identification & Status number allocation, refer to the cross-reference 
Report. Engine serial numbers within this index in R-5857. 


manual are in accordance with Rocietdyne F-1 


Approved Incorporateu Approved Incorporated 
ECP MD In Manual ECP MD In Manual 
Number Number Dated ‘ Number Number Dated 
F1-38 37 4 Jue 1965 F1-143 i 15 January 1965 
F1-38R1 =. N/A F1-143R1 == N/A 
F1-39 11 16 June 1964 Fi-146 1 15 January 1965 
F1-40 == N/A (superseded F1-147 7 16 June 1964 
by F1-254) Fi1-149 il 15 January 1965 
F1-42 7 16 June 1964 F1-153 q 11 March 1965 
F1-45 ? 16 June 1964 F1i-154 7 16 June 1964 
F 1-56 7 16 June 1964 F1-165 12 16 June 1964 
F1-57 7 16 June 1964 F1-1€5R1 -~ N/A 
F1-59 7 16 June 1964 F 1-166 13 16 June 1964 
F1-60 16 N/A F1-168 “8 16 June 1964 
F1-62 “4 16 June 1964 F 1-169 q 16 June 1964 
F1-64 q N/A F1-172 7 16 June 1964 
F1-65 7 16 June 1964 F1-174 rit 4 June 1965 
Fi-67 10 16 June 1964 F1-17421 -- N/A 
F1-69 “a 16 June 1964 F1-176 22 N/A 
F1-71 9 16 June 1964 F1-180 34 15 January 1965 
F1-74 7 16 June 1964 F 1-182 “A N/A 
F1-%6 24 15 January 1965 F1-185 32 4 June 1965 
F1-76R1 == N/A F1-185R1 == N/A 
F1-78 -- 16 June 1964 F 1-188 7 15 January 1965 
F1-80 q 16 June 1964 F1-188R1 -- N/A 
F1-82 18 16 June 1964 F1-189 q 15 January 1965 
F1-85 “7 16 June 1964 F1-191 7 15 January 1965 
F1+86 7 16 June 1964 F1-192 46 N/A 
F1-90 7 16 June 1964 Fi-192R1 -- N/A 
F1-91 q N/A F'1-192R2 at N/A 
F1-95 7 16 June 1964 F1-193 vi 15 January 1965 
F1-97 7 16 June 1964 F1-193R1 =" N/A 
F1-98 20 N/A (superseded F1-194 7 15 January 1965 
by F1-197) F1-195 7 15 January 1965 
F1-99 14 16 June 1964 F 1-196 29 N/A 
F1-100 7 16 June 1964 F1-197 20 4 June 1965 
F 1-101 8 16 June 1964 F 1-198 26 N/A 
F 1-106 7 16 June 1964 Fi-198R1 = N/A 
Fi-108 7 16 June 1964 F1-202 7 15 January 1965 
F1-124 7 16 June 1964 F1-206 22, 62 4 June 1965 
F1-129 8 N/A F1-206R1 -- N/A 
F1-129R1 -- N/A F1-206R2 “- N/A 
F1-131 7 16 June 1964 FJ-208 33 15 January 1985 
F1-132 ? 16 June 1964 F 1-214 31 N/A 
Fi- 135 7 1% June 1964 


Figure 3. Configuration Changes~- Manual Effectivity (Sheet 1 of 5) 
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Introduction 


App roved 
ECP 
Number 


F1-214R1 
F1-215 
F1-215R1 
F1-215R2 
F1-216 
F1-216R1 
F1-217 
F1-226 
F1-228 
F1-229 
F1-229R1 
F1-233 
F1-235 
F1~236 
F1i~-241 
F1-242 
F1-244 
F1-251 
F1-253 
F1-254 
F1-255 
F1-258 
F1-258R1 
F1-258R2 
F1-260 
F1-260R1 
F1-260R2 
F1-261 
F1-262 
F1-263 
F1-267 
F1-268 
F1-268R1 
F1-269 
F1-270 
F1-270R1 
F1-270R2 
Fi-274 
F1-276 
F1-277 
F1-278 
F1-279 
F1-279R1 
F1-282 
F 1-283 
F1-283R1 
F1-283R2 
F1-285 
F1-285R1 
F1-287 
F1-288 
F1-289 
F1-289R1 


MD 
Number 


irs 
ao 


Figure 3. 
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Volume I 
Incorporated Approved Incorporated 
In Manual ECP MD In Manual 
Dated Number Number Dated 
N/A F1-28982 - N/A 
8 August 1966 F1-294 57 4 June 1965 
N/A F1-294R1 = N/A 
N/A F1-294R2 = N/A 
N/A F1-303 54 43 November 1965 
N/A F1-303R1 ae N/A 
11 March 1965 F1-304 67 23 November 1965 
N/A F1-304R1 ae N/A 
15 January 1965 F1-305 "3 23 November 1965 
15 January 1965 F1-305R1 ae N/A 
N/A F1-306 66 N/A 
17 February 1966 F1-306R1 we N/A 
N/A F1-306R2 - N/A 
15 January 1965 F1-307 74 N/A 
15 January 1965 F1-307R: = N/A 
15 January 1965 F1-308 31 17 February 1966 
15 January 1965 F1-309 77,80,95 26 May 1966 
15 January 1965 F1-310 78 , 80,95 N/A 
N/A F1-311 “31,108 10 November 1966 
15 January 1965 F1-311R1 har N/A 
15 January 1965 F1-312 96,97 10 November 1966 
15 January 1965 Fi-312R1 -- N/A 
N/A F1-212h2 =< N/A 
N/A F1-312R3 -- N/A 
N/A F1-312R4 179 N/A 
N/A F1-313 69 N/A 
N/A F1-313R1 -- N/A 
N/A F1-314 31 17 February 1966 
15 January 1965 F1-315 70, 83 23 November 1965 
N/A F1-315R1 = N/A 
15 January 1965 F1-315R2 as N/A 
N/A F1-316 31 N/A 
N/A F1-317 vel 23 November 1965 
15 January 1965 F1-319 31 N/A 
N/A F1-320 75 N/A 
N/A F1-320R1 == N/A 
N/A F1-321 31 23 November 1965 
N/A F1-323 84, 85, 86 17 February 1966 
N/A F1-323R1 -- N/A 
N/A F1-323R2 -- N/A 
N/A F1-323R3 -- N/A 
23 November 1965 F1-324 72 23 November 1965 
N/A F1~324R1 -- N/A 
N/A F1-326 79, 80, 95 N/A 
N/A F 1-328 %6 23 November 1965 
N/A F1-328R1 “s N/A 
N/A F1-331 31 N/A 
23 November 1965 F1-332 31 17 February 1966 
a F 1-333 54 23 November 1965 
N/A F1i-335 31 6 November 1967 
N/A F1-342 30 N/A 
N/A F1-343 90,91 N/A 
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Approved 
ECP 
Number 
F1-347 
F1-352 
F1-352tt1 
F1-353 
1-356 
Fil 357 
1-358 
F 1-360 
1-36: 
F 1-362 
F1-369 
F1-370 
F1-370R1 
H1-370R2 
11-370R8 
F1-370R4 
F1-371 
1-372 
he-392KR1 
F1-372K2 
PL-876 
F1-378H1 
PL-37822 
F1-378R3 
F1-379 
P1-37914 
F1-379122 
1-380 
PL-381 
h1-391 
PE-301KI 
V't-392 
FL -3d3kRI1 
VL 49212 
1-405 
Ft-405R14 
F1-405R2 
V1-+406 
1-407 
FY-SOTRA 
F 1-408 
¥1-4088) 
I'1--409 
Pi-410 
“1-410R1 
Fl-415 
¥1-416 
V1-416R1 
F1-417 
Fi-418 
r1-416n1 
1-419 
F1-410R1 


Erol 


R-3896-3 Introduction 
Volume I 
Incorporated Approved Incorporated 
MD In Manual ECP MD In Manual 
Number Dated Number Number Dated 
al 17 MeLruary 1966 71-420 -- N/A 
3h N/A F1-429R1 ~« N/A 
-- N/A F1-421 -- N/A 
$2 iA F1-421R1 -- N/A 
88,93 17 February 1966 F1-421R2 -- N/A 
89 N/A F1-422 113,194 26 May 1966 
21 N/A F1-422R1 aw N/A 
29 N/A P1-423 119 7 March 1968 
22 7 March 1968 F1-423R1 -- N/A 
D4 N/A F1-424 110 26 May 1966 
Oe 23 November 1965 F1-424R1 = N/A 
106 N/A F1-426 117 N/A 
-- N/A F1~-426R1 -- N/A 
= N/A F1-427 111 N/A 
-- N/A FL-427R1 = N/A 
=a N/A F1-427R2 -- N/A 
31 N/A F1-428 a7 17 March 1967 
aan N/A F1-430 112 N/A 
; F1-431 147 N/A 
a N/A F1-431R1 arated N/A 
58 N/A F1-431R2 ee N/A 
-- N/A F1-432 125 17 March 1067 
-- N/A F1-432R1 == N/A 
-- N/A F1-432R2 Ss N/A 
101 17 Febrviry 1966 F'1-434 A2t N/A 
-- N/A F1-434R) aes N/A 
-- N/A F1-436 123 N/A 
99 N/A F1-437 115 10 Movember 1066 
ST N/A F1-437R1 -- N/A 
102, 108 N/A V1-437R2 -- N/A 
109, 166 N/A ¥1-429R3 -- N/A 
~T37 17 March 1937 F1-498 131 N/A 
— N/A F 1-430 146 N/A 
-_ N/A F1-439R1 a N/A 
128 N/A 1-441 440 N/A 
“as N/A Fi-441h1 -- N/A 
a N/A F1-441h -- N/A 
-- N/A F1-441R3 ~- N/A 
109 rae F1-443 ie 10 November 1966 
AM 4 F1-444 26 July i967 
=o N/A W1-444R1 _ N/A 
104 N/A F1-444 2 me N/A 
=o) N/A F1-445 129 N/A 
105 26 May 196€ F1-445R1 == N/A 
{24 N/A F1-447 j38 N/A 
“=e N/A F1-447R1 “~ N/A 
107 N/A F1-447R2 -- N/A 
{20 N/A F1-448 140 N/A 
ae. N/A F1-448R1 ~~ N/A 
ae /d. F1-448R2 -- N/A 
o- N/A F1-449 127 10 November 1966 
-- N/s F1-449R1 ae N/A 
on N'A F1-452 128 10 November 1966 
F1-452R1 -- N/A 


“+ N/A 


Figure 3 
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{Introduction 


Approved 
ECP 
Number 
F1-453 
F1-454 
F1-454R1 
F1-454R2 
F1-456 
F1-456R1 
F1-457 
F1-459 
F1-464 
F1-467 
F1-467R1 
F1-468 
F1-470 
F1-470R1 
F1-470R2 
¥1-475 
F1-475R1 
F1-475R2 
F1-476 
F1-476R1 
F1-478 
F{-478R1 
F1-478R2 
1-480 
V'1-480R1 
I'1-482 
P1-4822R1 
F1-495 
I'1-495R1 
K1-498 
F1-498R1 
¥1-498R2 
1-499 
'1-499R1 
FL-500 
F1-500k1 
FL-502 
F1-504 
F1-504R1 
¥1-505 
F1-505R1 


F1-905R2 


1-506 
I'1-+607 
1-50Y 
510 
D10R1 


j-{ 
1.5 
1-51 
1-5 
1-5 
1-5 
1-5 
1-5 
1-521 
1-5: 
1-5 


I 
I 
I 
r 
F 
F 
K 
F 
F 
Fi 
F 
F 
Fi-5 


an 
pepeaboe 


MI) 
Number 


133,134,142 


144 
145 


131 
150, 151 


a 


R-3896-3 
Volume I 
incorporated Approved 
tn Manual ECF 
Dated Number 
17 sat F1-321R4 
N/A Fi -622 
N ‘A F; -§23 
N/ Hy F1-524 
N/A Fi-525 
17 March 1967 aarti 
N/A 
N/A F1-526R1 
N/A F1-530 
N/A F1-530R1 
N/A F1-530R2 
28 June 1968 ae 
N/A 
17 March 1967 sas 
N/A i; 
N/A F1-546 
17 March 1967 ere 
N/A F1-548R1 
10 November 1966 ane 
N/A F1- 552 
N/A F1-552R1 
an et: ) 
17 March 1961 fee 
N/A ce 
17 March 1967 ie 
N/A P1-578 
2e a ae F1-578R1 
aS 
3 November 1968 . a 
N/A es 
N/A F1-581 
N/A F1-581R1 
N/A B1-581R2 
io 
28 June 1968 Fi-s81h3 
N/A 1-58114 
N/A F1-587 
N/A F1-590R1 
N/A F1-590R2 
/A F1-590n3 


N 
6 November 1967 
N/A 


N/A 
26 my 1967 
28 June 1968 
N/A 
28 June 1968 
N 


F1-590R4 
1-591 
F1-592 
F1-592R1 
F1-594 
F1-504n1 
F1-596 
F1-59¢R1 
F 1-587 
F1-601 
F1-602 
F1-604 


MD 


Number 


183 


153 


157, 158 


156 


162, 163 


Paes 


me 


Incorporated 


In Manual 
Dated 


N/A 
N/A 
N/A 
N/A 
6 June 1968 
N/A 
N/A 
N/A 


28 June 1968 


N/A 


11 April 1969 


N/A 
N/A 
N/A 
N/A 
N/A 


3 November 1968 


N/A 
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Approved Incorporated Approved Incorporated 
ECP MD In Manual ECP MD In Manual 

Number Number Dated Number Number Dated 
F1-107 181 N/A 

F1-607R1 -- N/A 

FL-607R2 -- N/A 

F1-607Ft3 ~- N/A 

F1-612 184, 185 N/A 

F1-612R1 -- N/A 

FL-612R2 ~- N/A 

F1-619 186, 187 N/A 

F1-617 — N/A 

F1-618 188, 1&9,190 N/A 

F1-618R1 -- N/A 


Figure 3. Configuration Changes--Manual Effectivity (Sheet 5 of 5) 
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Section I 
Paragraphs 1-1 to 1-5 


SECTION I 


GENERAL MAINTENANCE AND REPAIR 


1-1. SCOPE. This section contains general 
maintenance and repair information to support 
sections ITI and IV of this volume and compo- 
nent repair procedures in R-3896-3, Volume II. 
All parts required for maintenance-level aup- 
port of the F-1 rocket engine are lsted in 
R-3896-4. Envine configuration and component 
eaideene ee and location are shown in figures 
~Ll and 1-2. 


1-2. SAFETY PRECAUTIONS, 
NOTE 


Whon performing work specified 
in thig manual, all local safety 
and health directives must be 
complied with. It is assumed 
these directives are in com- 
plianee with the Ovcupational 
and Safety Health Act. When 
local safety and health direc- 
tives are more stringent than 
those specified in this manual, 
the local directives will prevall. 


1-5. The following safety precautions have 
been prepared for personnel accomplishing 
maintenance and repair tasks. These safety 
precautions list specific precautions to take 
when the task involves working with potentially 
dangerous materials or under hazardous condi- 
tions. Warninras and cautions are used tn the 
text to indicate potentially dangerous steps; 
these warnings and cautions must be strictly 
observed. The following examples explain 
Warnings and cauttons: 


WARNING 


The warning note Indicates a pro- 
eedure or practice that, if not fol- 
lowed correctly, can cause injury 
or death, 


CAUTION 


The caution note indicates a pro- 
cedure or practice that, if not fol- 
lowed correctly, can cause damage 
to equipment. 


1-4, ELECTRICAL SYSTEM. The following 
precautions must be taken by personnel work- 
ing with an electrical system: 


WARNING 


Connecting or disconnecting elec- 
trical connectors without turning off 
electrical power can result in injury 
to personnel and damage to equipment. 


a. Deenergize circuits before working on 
electrical component; or cabling. 


b. Before connecting a power source to elec- 
trical equipment check that circuit breaker for 
fey electrical outlet and all switches on 
electrical equipment are in off or deenergized 
position. 


c. Do not leave electrical controls unattended 
when an electrical system {a energized. 


d. Ground engine and each console with sep- 
arate ground cables to a comrr on ground point. 


1-5. PRESSURIZED SYSTEMS. The following 
precautions must be taken to provide safety for 
personnel working with high-pressure pneuinatic 
or hydraulic systems: 


a. Make sure connections on all systems 
and componcnts have tull thread engagement. 


b. Follow specifted recommendations for 
gasket sealants and lubrics-.s. 


WARNING 


Removing fittings, parts, or compo- 
nents fram a pressurized system can 
result in injury to personnel and 
damage to equipment, 


c. Never tighten or loosen any filling ina 
system that 1s pressurized. 


d. Do not leave controls unattended when 
pressure is applied to system. 


c. Make sure test equipment hoses or lines 
are depr. 5 surized be fore disconnecting. 


f, Secure all test hoses connected between 
test equipment or facility and/or engine to pre~ 
vent whipping jn event of accidental disconnec- 
tion or line failure, 


¢g, Wear safety glasses or face shield when 
working on a pressurized system. 


h, Protect all openings against entry of 
foreign material when any part ls removed. 
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Figure 1-1. F-1 Rocket Engine (Typical Flight Configuration) 
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— NO. | OXIDIZER HIGH-PRESSURE DUCT 


INTERFACE 
PANEL 
THERMAL INSULATION 
BRACKETS 


-NO. | FUEL INLET ELBOW 


FUEL 


BOOT - NO. 1 FUEL 


HIGH-PRESSURE DUCT 


TURBINE 
% BE KHAUST 

MANIPOL 
GAS GENFHRA ION JANTPOLD 
DALL VALVE 


GIMBAL 
HEARING 


—OVERBOAND 


WRAP-ARQUND DRAIN LINES 


LINES AND DUCTS ———"" 


NO, 1 OXIDIZER 


VALVE 
HY PERGOL 
MANIFOLD GIMBAL NO. 1 FUEL 
OUTRIGGER VALVE 
Ned WAI NO 2 FUEL INGET ELHOW THERMAL INSULATION = ELECTRICAL 
HIGH-PRESSURE DUCR BRACKETS ese ae 
OS. HEAT EXCHANGER ff 
TRUST : 
CIIAMBER 
NO“ZU, 


BX TENSION smu. 


TURHOPUMP 


NO, 2 OXIIZEI 
HIGIE- PRESSUILE 
bveyr 


NO. 2 OXIDIZEU 
VALVE 


CHECKOUT 
VALVE 


NO, 2 FUEL 
VALVE 


THRUST CHAMBER 
Fi-1-24C 


Figure 1-2. Engine Component Identification and Location 
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Paragraphs 1-6 to 1-7 Volume I 

i. In the event oxidizer propellant feed sys~ d. In cases where an immediate post-test 
tem is depressurized when fuel propellant feed inspection is required, use an oxygen analyzer 
system is pressurized, make certain nitrogen to check for an oxygen atmosphere. Entry ts 
purge overboard drain is open. uot permitted If oxygen content is less than 


19.5 percent or exceeds 24.5 percent. 
j. If closures are to remain on overboard 


drain lines when oxidizer and fuel propellant e, Have breathing equipment available ona 
feed systems are pressurized, closure fas- standby basis. 

teners must be loosened to prevent possible 

pressure buildup in drain lines. f. Comply with local industrial hygiene and 


safety regulations. 
1-6, THRUST CIIAMBER ENTRY, ‘The follow- 
ing precautions must be taken to provide safety g. Post a standby oulside thrust chamber to 
for personnel entering thrust chambers: monitor well-being of person in thrust chamber. 


a, Obtain permission to enter thrust chamber, 1-7. CLEANING SOLVENTS. The hazard asso- 


and secure a thrust chamber entry permit. ciated with a solvent is specified in the require- 
ment or procedure by a warning, since improper 
b. Make sure that main propellant and pre- use ofa solvent can cause injury to personnel 
valves are closed and ducting between is or damage to equipment. The following steps 
vented, lst the solvents used, their particular hazard, 
and the safety precautions that should be fol- 
c, Tug power and control switches witha lowed when using that solvent. 
red tag if their operation could create a hazard 
to person in thrust chamtcr, a. Observe the following safety precautions 
when using trichloroethylene (MIL-'T-27602), 
cA, Verify with an cxplosimeter that com- or equivalent: 
bustible vapors in thrust chamber are less than 
20 percent of lower explosive Hmit of combusti- (1) Avold excessive Inhalation of vapors 
bles prior to allowing personnel entry into from trichloroethylene. Trichloroethylene 
thrust chamber to make spark-producing re- gives off vapors even at room temperature, 
pairs. A list of combustible materials that and prolonged inhalation can produce narcotic 
might be used in the thrust chamber and their effects on the neryous system, 


explosive mits is as follows: 

(2) Do not allow trichlorocthylene to con- 
tact skin for prolonged periods, since it can be 
absorbed through the skin. The quid chem!- 
cally dries skin, leaving it susceptible to in- 


20 Percent 
Lower Limit of Lower 
(Percent by Limit (Per- 
Volume In cent by Vol- 


Material Atr) ume in Air) —-‘fet#lon. 
(3) Wear safety glasses or face shield 

Alcohol (isopropy?) 2.0 0.4 while using trichlorocthylene. 
Ethylene P 7 

hytone: glycol a8 os (4) Wear breathing apparatus while working 
Fuel (RJ-1 and 1.6 toG 0.3 to 1.2 with trichlorocthylene {n confined or unventllated 

RP-1) arcas, 
Freon (cleaning ‘eine Ahn (5) Do not expose trichloroethylene to 

compound) excessive temperatures, 
Solvent (stoddard! 1.1 0,2 
Trichlorocthylene 12.0 2.4 
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b, Observe the following safety precautions 
when using cleaning compound (MIL-C-81302), 
or equivalent: 


(1) Avoid excessive inhalation of yapors of 
cleaning compound since it may cause head- 
aches, dizziness, sleepiness, or unconscious- 
ness due to the oxygen-deficient atmosphere. 


(2) Do not allow cleaning compound to con- 
tact skin for prolonged periods. The liquid 
chemically dries skin, leaving {t susceptible to 
infection, 


(3) Wear safety glasses or face shield when 
using cleaning compound, 


(4) Wear breathing apparatus when using 
cleaning compound fn confined or unventilated 
areas. 


(5) Do not subject cleaning compound to 
excessive temperatures, 


c. Observe the following safety precautions 
when using isopropyl alcohol (Federal Specifi- 
cation TT-I-735), or equivalent: 


(1) Avald excessive {nhalation of vapors of 
isopropyl alcohol, since prolonged {nhalation 
may cause slight intoxication, 


(2) Wear breathing apparatus when using 
isopropyl alcohol in confined or unventilated 
areas, 


(3) Because of its low vaporizing qualitics, 
use least amount of lsopropyt alcohol consistent 
with performing tank. 


(4) Wear safely glasses or face shicld 
when using Isopropyl alcohol. 


(5) Do not use isopropy! alcohol near source 
of ignition, heat, or open flame. 
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d. Observe the following safety precautions 
when using drycleaning solvent (Federal Speci- 
fication P-D-680), or equivalent: 


(1) Do not use drycleaning solvent near 
source of ignition, heat, or open flame. 


(2) Wear safety glasses or face shield 
when using drycleaning solvent. 


(3) Solvent must be kept from all possible 
contact with liquid oxygen. 


1-8. ACIDS. Nitric acid (Federal Specifica- 
tion O-N-350) ig a hazardous material. In 
addition, Iridite 14-2 powder (Allied Research 
Products) and alodine 1200 powder (Amchem 
Products) become acid in solution, and the 
precautions applying to acids must be observed. 
Acids in either concentrated or diluted liquid 
form will soak through clothes causing severe 
burns, dissolve metals, give off harmful 
vapors, generate explosions, and cause fires 
upon contact with combustible material. The 
following safety precautions must be taken by 
personnel handling acids: 


a. Wear rubber o: plastic gloves, apron, 
hoots, and chemical-type safety goggles. 


b. Avoid inhalation of vapors from Hquids 
and dust from acid powder mixes. 


e. Open acid containers, and use acid fn 
well-ventilated areas. Avoid spilling and 
splashing. 


d, Do not pour water into acid; slowly add 
acil to water, and constantly stir mixture with 
an actd-resistant implement. 


e. Cloths, sponges, and brushes uged to 
apply acid solutions must be thoroughly rinsed 
in tap water. [f allowed to dry ouc without 
rinsing, they constitute a fire hazard. 


f. Jf acid contacts skin, drench affected 


area in clean water for a minimum of 5 minutes, 


g. Do not store acid near heat, caustics, 
water, or combustible materials. 
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1-9. LIQUID NITROGEN. ‘This material is 
characterized by its extremely low temperature 
and high vapor pressure. The following precau- 
tions must be taken by personnel handling liquid 
nitrogen: 


a. Use only approved container and storage 
vessels, 


b. Wear safety goggles or face shield and 
loose, well-insulated gloves or mittens. 


ce. Avoid splashing on exposed skin to prevent 
painful “burns.” 


d. Use in well-ventilated area to prevent 
oxygen depletion, 


e, Avoid direct contact with liquid nitrogen 
or surfaces chilled by liquid nitrogen, 


1-10. INCOMPATIBLE MATERIALS, Some 
materials, such as preservative compounds, 
lubricating oil, cleaning solvents, fuel, 
hydraulle fluid, and grease, used for mainte- 
nance purposes are incompatible with the oxi- 
dizer, liquid oxygen, When introduced into an 
oxidizer system, Uquid oxygen mixes with the 
incompatible materials that have not been re- 
moved by cleaning, flushing, and purging and 
becomes impact-sensitive and explosive. The 
detection of all incompatible materials in an 
engine or test equipment is difficult, Protec- 
tion of an engine and equipment by the methods 
outlined in the applicable maintenance proce- 
dtrres makes unnecessary the extensive dis- 
assembly required for the detection and removal 
of incompatible materials. 


1-11. SEALS AND GASKETS. Seals and gaskets 
must be compatible with, and serviceable in, 
the system in which they are used. Many fluids 
are extremely corrosive and volatile, and 
others decompose violently when exposed to 
certain substances. Personnel must take all 
safety precautions and avoid bringing materials 
into contact with cach other unless they are 
known to be compatible. Some types of seal 
and gasket material, sucn as Teflon and Kel-F, 
are used with the oxidizer system because of 
their flexibility at low temperatures, Howcver, 
these materials form a toxic fluorocarbon gas 
when burned or overheated. 
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1-12, ENVIRONMENTAL REQUIREMENTS. 


1-13. Component repair procedures contained 
in R-3896-3, Volume II, must be performed In 
a controtled area to prevent contamination of 
engine components and systems. Contrclled- 
area requirements are satisfied when the fol- 
lowing conditions exist: 


a. Special housekeeping procedures are 
issued by local area supervision. 


b. All personnel authorized to enter the area 
are properly indoctrinated in controlled-area 
procedures. 


c. Smoking and/or eating is not permilted, 
d. Nylon or polyethylene gloves are worn 


when handling parts or components where hand 
contact {is made with sealing surfaces or sur- 


faces that contact operating fluid (liquid or gas). 


e, Components and assemblies are appropri- 
ately covered with polyethylene sheeting at all 
times when work jis not being performed. 


NOTE 


The establishment of temperature, 
humidity, and airborne contaminant 
Hmits is not required, 


1-14, CONTAMINATION AND DAMAGE 
PREVENTION. - 


1-15, All maintenance and repair procedures 
must be performed In such a manner ag to pre- 
vent contamination of engine components and 
systems. Materlals used must be compatible 
with the applicable engine system. Figure 1-4 
lists recommended materials for cleaning, 
corrosion p, avention, testing, repairing, and 
lubricating components. ‘The following re- 
quirements must be used where applicable to 

a specific maintenance task: 


a. Clothing worn by personnel is free of 
loose particles and fibers and pockets emptied 
of foreign objects that could contribute to con- 
tamination when working with internal areas of 
systems or in controlled areas. 
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b. Parts, tools, materials, and test equip- 
ment actually used ina maintenance task must 
be accounted for to make sure that none of these 
items has been left inside a system or compc- 
nent. 


c. All test equipment and tools must meet 
the cleanness requirements for use in liquid 
oxyger, fuel, and pneumatic systems if equip- 
ment will be exposed to sealing or fluid con- 
tacting surfaces. 


d, Tools are properly tethered to the carry- 
ing individual or carried ina suitably tethered 
bag when work is being performed above the 
engine to prevent tools from falling and damag- 
ing the engine or injuring personnel. 


e, Proper measures are taken to prevent 
contamination if an engine or facility system is 
to be opened {n an outdoor location during rain 
or high winds, 


f. Areas are checked above, around, and 
below the system being opened for operations 
that may cause or allow contam#nation of the 
system. Proper measures are taken to prevent 
contamination of other systems from the system 
being opened, 


g. A suitable container is provided to catch 
residual fluids when a system is opened to pre- 
vent fluid from contaminating adjacent arcas. 


h. Aluminum foil is never used in lieu of 
closures and/or covers on engine openings or 
on removed components or assemblies. 


i. Only presuure-sensitive tape RBO195-002 
(Rocketdyne), or equivalent, 1s used in direct 
contact with engine assembly. Tape is not used 
on threada, mating faces, or direct fluid sur- 
faces, Tape alone is not used as a closure 
and/or cover on engine openings or on removed 
components or assembiles. 
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WARNING 


Compressed gas must not be used 
for drying or cleaning unless ef- 
fective chip guarding is used and 
personal protection equipment is 
worn, 


j» Prior to opening any engine system, a 
regulated source of low-pressure (less than 30 
psig) gaseous nitrogen (MIL-P-27401) or clean, 
dry air conforming to the cleanness and humid- 
ity requirements of MII.-P-27401 is used to 
blow area free of loose contaminants; then, a 
clean, lint-free cloth molstened with trichlo- 
roethylene (MIL-T~27602) 19 used to wipe area 
free of vielble contaminants, 


CAUTION 


Closures with sponge rubber seals 
mus: not be used, since contamina-~ 
tion of component or system can 
result. 


k. Components and assemblies removed from 
tho engine and engine connections are {mmedi- 
ately provided with suitable closures and/or 
covers, (Refer to R-3896-4,) If closures or 
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covers are not available, flange areas may be 
protected as shown in figure 1-3 and as follows: 


CAUTION 


When securing Aclar film or bags to 
the line with tape, a minimum of 25 
percent of the tape width must contact 
the body of the line to prevent entry 
of contaminants, 


NOTE 


The tape used in this procedure is 
pressure-sensitive tape RBO195-002 
(Rocketdyne). 


(1) Cover open ends of-line with Aclar 
No. 33C film (0,002 inch minlmum thickness) 
(Allied Chemical Corp). Film must be wi apped 
over the periphery of the flarzge and secured ; + 
the body of the line with tape. 


(2) Install a bag (0.004 inch minimum 
thickness) made from clean plastic sheet and 
i strip (Federal Specification L-P-378, Type II) 
over Aclar film to completely cover and extend 
beyond film, Expel alr from bag, and secure 
bag to body of line with tape. 


NOTE 


Clean polyethylene bags (Federal 

Stock No, 8105-LCQ-6811) or 

clean polyethylene tubing (Federal 
Stock No, 8135-782-7460), heat- 
sealed at one cid, may be used. 

All polyethylene material used 

must be 0,004 inch minimum thickness. 


(3) Attach a certificate of cleanness to 
taped area, if required. 


(4) Install a second bag (0. 004 inch min- 
imum t :ickness) made from clean plastic sheet 
and strip (Federal Specification L-P-878, Type 
(Il) over first bag. Expel air from bag, and 
secure bag to body of Hne with tape. 


NOTE 


Clean polyethylene bags (Federal 
Stock No, 8105-LC0-6811) or clean 
polyethylene eine (Federal Stock 
No. 8135-782-7460), heat-sealed 
at one end, may be used. All 

ol ene material used must 
be 004 inch minimum thickness, 


FLUID SYSTEM 
MIMENTIFICATION LABEL 


FF 5 


Fr 
TAPE vA 


Figure 1-3. Protective Closure 
for Engine Lines 


Gl 


CERTIFICATION OF 
CLEANNESS LABEL 


POLYETHYLENE BAG 


FI-9-1-9 


(5) Gather and tape bag over periphery of 
flange to prevent flange from cutting through 
hag, 


(6) Apply 2 layers of tape over outer bag. 
Tape must cover surface of flange and extend 
over pertphery of flange, Secure ends of tape 
by applying a layer of tape around periphery of 
flange. 


(7} Attach a flutd system Identification 
label to line, if required. 


1. Proteetlve closures and/or covers are 
secured with the required nurnber of attaching 
parta. If fewer than the required number of 
attaching parts are used, the closure or cover 
will not provide adequate protection, 


1A, Package pressure caps, plugs, seals, 
and misceNancous small parts being retained 
for reinstallation in clean plastic sheet and 
strip (Federal Specification L-P-378, Type Il), 
Secure package by heat-sealing or with pressure- 
sensitive tape RB0195-002 (Rocketdyne), 


NOTE 


Clean polyethylene bags svederet 
Stock No. 8105-LC0-8811) or clean 
polyeth lene tubing (Federal Stock 
o. 8135-782-7460), heat-sealed at 
one end, may be used, All poly- 
gthylene material used must be 
- 004 inch minimum thickness, 
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m. The following standard plugs and caps of 
appropriate size are used to protect engine and 
component openings: 


(1) Plug AN806-JX- 
and O-ring MS28775 


(2) Plug AN814-XXJ- 
in threaded ports, 


(3) Cap AN929-XXJ- on threaded male 


fittings. 


n. Components or assemblies requiring re-~ 
work or reinspection are transported to a con- 
trolled area before removing protective clo- 
sures and/or coverings. 


o. Rework of components or assemblies that 
generates chips, dust, or other contaminants 
{s prohibited unless proper preventative mea- 
sures have been taken to eliminate possible 
contamination. 


CAUTION 


All protective closures and coverings 
must be removed before engine com- 
ponents or assemblies are installed 
or connected, to prevent damage to 
equipment, 


p. Protective closures ind coverings are 
not removed from the components, assemblies, 
or engine until just before Installation, 


q. Protective closures are not used as stor- 
age trays for removed hardware or hardware 
to be Installed, 


r. The Integrity of all gaskets, O-rings, 
packings, and seals is verified before installa- 
tion, 


s. The proper lubricant is used on fittings, 
gaskets, O-rings, packings, and seals when 
required by the applicable procedures and only 
in the amount required. 


t, Leak-test compound is not applied to vent, 
bleed, or p\lot openings; braided portions of 
flex hoses; or convolutions in bellows assem- 
blies. 


u. All cavities in parts are checked for lock- 
wire clippings or any foreign material before 
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installing protective closures or installing 
removed assemblies. 


v. Clean nylon or polyethylene gloves are 
worn when handling parts or components where 
hand contact is made with sealing surfaces or 
surfaces that contact operating fluld (liquid or 
gas). 


1-16. DAMAGE PREVENTION. All mainte- 
nance and repair procedures must be performed 
in such a manner as to prevent damage to the 
engine and components. Datnage to engine and 
components will be greatly reduced by observing 
the following precautions: 


CAUTION 


Closures with sponge rubber seals 
must not be used, since contamination 
of component or system can result. 


a. Install covers and closures as outlined in 
R-3896-9 and section II of this manual to pro- 
tect engine components in work area, 


b. Do not use lines, ducts, or tubing for 
handholds or steps. 


ce. Do not apply unnecessary loads to har- 
nesses, lines, or components, 


d. Protect components adjacent to work area 
from spillage and dropped hardware, 


ce. Observe all warnings, cautions, and 
notes In repalr and handling procedures, 


f. Before use, inspect ground support and 
handling equlpment for condition and evidence 
of proof loading. 


g. Use procedures outlincd in R-3896-9 
and section II of this manual to remove, install, 
raise, lower, or transport engine or thrust 
chamber nozzle extension. 


h, Do not exceed handling equipmant towing 
speed, turning radius, ramp angle, or load 
Hmits when moving engine, 


{. Use proper tools and equipment correctly, 


j. Protect sealing surfaces, parting surfaces, 
and adjacent hardware from damage during re- 
moval and installation of large component, 


k, Use tools that are free of sharp edges, 
burs, or other conditlons which damage tubes 
or fittings, 
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1. Avoid using adjustable wrenches. 
1-17. ENGINE CLOSURES AND COVERS. 


1-18, Engine closures and covers provide a 
seal against contaminants and/or physically 

_ protect ports, threads, electrical connectors, 
and sealing surfaces. All parts of the engine 
that require protective closures or covers must 
be protected at all times unless closures and 
covers are removed for tne performance of an 
authorized activity. Refer to R-3896-11 for 
closure usage and desiccant {nstal!ation. 
Refer to R-3896-9 for closure installation and 
removal. Engine and component closure and 
cover part numbers are specified in R-3896-4. 
General closire and cover requirements are 
as follows: 


CAUTION 
Closures with sponge rubber seals 
must not be used, since contamination 
of component or system can result, 


Inspect for cleanness, contamination, 
aad damiage. 
b. All closures and covers must be cleaned 
before use. Clean as outlined {n paragraph 1-46, 


ce, Closures and covers to be installed on 
fluid system joints must be cleaned {mmediately 
before Installation or must be Individually 
packaged and certified clean, 


WARNING 


The following procedure uses clean- 
ing compound (MIL-C-81302), which 
is volatile. Use ina well-ventilated 
area since the vapors displace the 
oxygen in the air, resulting in suffo~ 
cation, 


The following procedure uses iso- 
propyl alcohol which is flammable 
and must not be used near heat, 
sparks, or open flame. Inhalation 
of its vapors or prolonged contact 
with the liquid can cause serjous 
injury. 


e Compressed vas must not be used 
for drying or cleaning unless of- 
fective chip guarding ts used and 
personal protection equipment is 
worn. 


d. Before removal of a fluid-system clogure, 
clean exterior surfaces of closure using a clean, 
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hemmed nylon cloth or a clean brush moistened 
with unused cleaning compound (MIL-C-81302) 
or isopropyl alcohol (Federal Specification 
TT-I-735), Dry closures with a regulated 
source of low-pressure (less than 30 psig) 
gaseous nitrogen (MIL.~P~27401) or clean, dry 
air conforming to the cleanness and humidity 
requirements of MIL-~P-27401. 


e. Package protective closures and covers, 
to be reinstalled on the same system opening, 
in clean plastic sheet and strip (Federal Speci- 
fication L-P-378, Type I). Seal package with 
pressure-sensitive tape RBO195-002 (Rocketdyne) 
or by heat sealing. 

NOTE 
Clean polyethylene bags (Federal 
Stock No. 8105-LC0-6811) or clean 
polyethylene tubing (Federal Stock 
No. 8135-782-7460) heat-sealed at 
one end, may be used, All polyeth- 
ylene material used must be 0, 004 
inch minimum thickness, 


f. Remove and replace humidity indicators 
when indicator coloration overruns the estab- 
li zhed circular horder or when indicators have 
lt st all coloration, as follows: 


(1) Remove indicator by breaking free 
retaining nut that secures indicator to closure, 


(2) Place new Indicator under a heat lamy 
until the 3 circular spots are blue in color. 


(3) Install new humidity Indicator and 
gasket; install retaining nut and tighten by hand. 


WARNING 


The following procedure uses methyl- 
ethyl-ketone, which is flammable and 
must not be used near heat, sparks, 
or open flame. Inhalation of its 
vapors or prolonged contact with the 
liquid can cause serious injury. 


(4) Bond retaining nut to iedicator with 
methyl-ethyl-ketone (Federal Specification 
TT-M-261), or equivalent, 


g. Install protective closures and/or covers 
on components and assemblies immediately 
after removal from engine. Threaded plugs 
and caps must be installed fingertight. Threaded 
fasteners for attaching covers or closures must 
be torqued fingertight plus 1/4 turn. 
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h, Immediately install closures and/or 
covers on engine joints when a component or 
assembly is removed, Use applicable torque 
values outlined in step gy. Temporary openings 
(48 heurs maximum) may he ciosed with poly- 
cihylene bags or sheet material secured with 


pressure: sensitive tape RBO195-002 (Rocketdyne). 


Do not use tape on threads, scaling surfaces, 
or direct Huid surfaces. 


i. Transport component or assemblies thit 
require rework to an envirynmenially costculled 
area be‘ore removing Closures or covers. 


CAUTION 


All protective closures and coverings 
mart be removec before engine com- 
ponents or assemblies are installed 
or zonnected, to prevent damage to 
eyuipment. 


j. De not remove closures or covers from 
components, assemblies, or cugine joints until 
immediately before installation of components 
ur assemblies. 


1-19, 
CORROSION, 


ot ee ee 


1-20. Corrosion is che attack of a metal by a 
chemical or electrochemical reaction with its 
environment. ‘Cemp@rature, humidity, struc- 
ture, and composition of metals, and galvanic 
tactors can retard or accelex ate the rate of 
corrosion, The F-1 engine is constructed of 
meta's that resist corrosion and metals that 
are protected from ccrrosion by plating, arodiz- 
ing, passivating, painting, and applving pro- 
tective coatings. If the engine is exposed to an 
adverse environment or the protective surfaces 
are penetrated, certain of these metals are 
subject to corvosion. ‘This corresion can vary 
fror) 50%... ficial corrosion to severe, heavy 
corrosion, 


1-21, SUPERFICIAL CORROSION. Superficial 
corrosion is a uniform surface condition with- 
out sizrificant penetration of the metal surface. 
Light rusting of iron and tarnishing of silver 
are examples of this type of corrosion. Super- 
ficial corrosion normally affects only the 
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aesthetics and when on exterior surfaces is not 
detrimental to the functional integrity of thre 
part. Superficial corrosion is metal's natural 
way of protecting itself, Superficial corrosion 
is usually found on such parts 48 pas generator 
fucl duct yokes, AN-type fittings (as-forped 
surfaces), heat-affected areas of 30U-series 
CRES, thrust chamber outrigger arms, cadmium- 
platec boltheads, and thermal insulation system 
brackets. Corrosion removal and cantinol rust 
be considered on an individual part basis. The 
process of removing superficial corrosion from 
some parts may be more detrimental to the 
parts than the superficial corrosion itself, since 
it may destroy the anodized or passivated sur- 
faces of the part. Removal will subject other 
components in the system to damag? from the 
‘leaning media. Removal and control] of all 
other corrosion or the disposition of the part 1s 
to be coordinated with a Rocketdyne represent- 
ative. Corrosion removal and control proce- 
dures on the exterior of the engine for each type 
of metal are provided in paragraphs 1-23 
through 1-33. 


1-22. MATERIALS AND EQUIPMENT. The 
materials listed in figure 1-4 are required for 
cleaning, paint stripping, and protecting metals 
from corrosion. The equipment listed in figure 
1-5 is required for the examination of metals 
and for cleaning, paint stripping, corrosion 
removing, and protecting metals from corrosion. 
After use, all materials must be thoroughly 
cleaned of all chemical and corrosion residue 
before reuse. AJ] cloths and bristie brushes 
must be thoroughly washed and rinsed in tap 
water before ~euse. Carbon steel wool and wire 
brushes must fF: used on carbon steel or low- 
alloy sleel materials, Stainless-steel wool and 
wire brushes must be used on CRES materials. 
Aluminum weol must be used on aluminum and 
magnesium. Brass wire brushes must be used 
to clean copper and copper alloy materials. It 
is reconimendcd that a color corde be established 
and that the handles of stainles »-steel wire 
brushes and carton-steel wire brushes be painted 
different colors to avoid possible misuse. Car- 
borundum paper that is not discarded after use 
must be marked to indicate the type of metal on 
which it was used and must not be used on any 
other type of metal. 


t 


Tdentification 


Aclar No. 338C 
(Allied Chemical Corp) 


Alodine 1200 
(Amchem Products) 


ARP No. 2 (Allied 
Rescarch Products) 


BB-A-~106 (Federal 
Spectfication) 


BB-O-925 (Federal 
Specification) 


Borax ‘Federal Stan‘ard) 
Brayco 777 (Bray Oil Co) 
C-328 RTV (Connecticut 
Hard Rubber Co){2) 


C- 5A (Felt Products) 


Centerpoint Lube No 3 
(Chicago Mfg and 
Distributing Co) 


Ethafoam (Dow 
Chemical Co) 


Extreme-pressure 
Lube No. 3 (Evans 
Products Co) 
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Name 
Film 
Powder 
Detergent 
Acetylene 


Gaseous oxygen 


Soap powder 


Hydraulic fluid 


Viton elastomer 


Thread compound 


Lubricant 


Ethafoam (cushioning 
material) 


Lubricant 


Section I 


Use 


Protecting parts. 


Mixed with Nitric Acid O-N-350 
(Federal Specification) to form solu- 
tion for chemical film touchup of 
anodic~coated parts. 


Mixed with Iridite 14-2 powder to 
forrn solution for chemical film 
touchup of anodic-coated parts. 


Welding and brazing thrust chamber. 


Welding and brazing thrusi chamber. 


Removing dry film lubricant. 


Lubricating thrust chamber hot gas 
seals. 


Repairing turbopump oxidizer volute 
plastic foam elastomer seal. 


Luoricating thrust chamber injector, 
turbine manifold, heat exchanger, 
and gas generator injector and com- 
bustor hot gas fitting threads; 
lubricating gas generator closure 
fasteners; lubricating turbine bolt 
threads; and lubricating thermal 
insulation frame bolt threads. 


Lubricating igaition monitor valve 
bolt and cap threads. 


Protecting engine cover from chafing. 


Lubricating ignition monitor valve 
bolt and cap tnreads. 


(a) Compound has limited shelf life. Refer to paragraph 3-141 for usability tests. 


Figure 1-4. Materials Specified in This Manual (Sheet 1 of 10) 
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Iridite 14-2 (Allied 
Research Products) 


Kelite N-11 (Kelite 
Chemicals Corp) 


Krytox 143AZ (Mu Pont) 


Kulgrid or Kulgrid 28 
(Sylvania Electric 
Products, Inc} 


LBQ2125-103, Type II 
(NR, Los Angeles 
Division) 


LBO1L90-002 (NR, 
Los Angeles Division) 


L-P-378, Type Il 
(Feder. “pecification) 


MIL- A-1&455 


FS1281 (Dow Corning Corp) 
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Name 


Greuse 


Powder 


Rust remover 


Fluorinated oil 


Wrapping wire 


Hard anodic ccating for 
aluminum and aluminum 
alloys 


Pressure~sensitive tape 


Plastic sheet and strip 


Argon 


Use 
Lubricating thrust chamber injector 
to fuel upper seal, gas generator 
ball valve fuel housing tee retainers 
and packings, gas generator fuel 
O-rings, elettcical connecter gasket 
and threads, and fuel valve position 
transducer shaft; lubricating oxidizer 
valve and sequence valve packings, 
hypergol installed switch packing, 
engine and GSE hydraulic supply 
check valve packings, and checkout 
valve bearings and ball; and lubri- 
cating specified fuel valve parts, 
hypergo) manifold closure threads, 
hypergol manifold piston O-ring, 
and hypergol simulator shaft O-ring. 


Mixed with detergent ARP No. 2 
(Allied Research Products) to form 
solution for chemical film touchup of 
anodic-coated parts. 


Removing corrosion from gas gen- 
erator fuel duct and oxidizer duct 
gimbal sections. 


Lubricating thrust chamber oxidizer 
dome bolt seals and thrust chamber 
oxidizer and fuel instrumentation 
tap and purge port seals. 


Repairing clectrical harness 
armored braid. 


Replacing checkout valve retainer 
and cap anodic coating. 


Masking electrical harness for 
repair of heat shrinkable overmolds. 


Protecting and wrapping parts and 
the engine control valve to prevent 
entry of contaminants when removing 
four-way solenoid valve. 


Purging thrust chamber tubes before 
brazing and welding and backing up 
weld repairs on heat exchanger shell, 
thrust chamber tube, and nozzle 
extension shingles. 
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Identification 
MIL-A~-8625, Type II 
MIL-C-16173, Grade I 


MIL-C-25769 


MIL-C-5410, Type II 


MIL-C-5541, Type I 


MIL-C-81302 


MIL-D-6998 
MIL-E-21562, 
Type MIL-RN62 


MIL--25558 
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Name 
Anodic coating 


Corrosion-preventive 
compound 

Alkaline cleaning compound 
Cleaning compound 


Chemical film 


Cleaning compound 


Dichloromethane 


Inconel 62 wire 


RJ-1 fuel 


Section I 


Use 
Refinishing anodic-coated parts. 


Protecting stationary unpainted car- 
bon steel surfaces from corrosion. 


Cleaning corrosion from aluminum 
alloys. 


Deoxiding anodic-coated parts before 
applying chemical film touchup. 


Refinishing aluminum alloy surface 
after corrosion removal. 


Handcleaning covers and closures, 
CRES steel and nickel alloys, 
cadmium-, chrome-, nickel-, and 
silver plated parts, gas generator 
fuel feed duct and oxidizer feed duct 
gimbal sections, rigid CRES steel 
tubing, and flexible CRES and heat- 
resistant alloy ducts; handcleaning 
nonmetallic, metal, and combinations 
of metal and nonmetallic parts, 
exterior of pressure transducers, 
geal plates, fuel valve position 
transducer, engine control valve, 
exterior of thrust OK pressure 
switches and turbopump, turbopump 
tools, and joints of valves tested 
with leak test compound; flushing 
rigid CRES steel tubing, flexible 
CRES and heat-resistant alloy ducts, 
quick-disconnects, and parts of 
pressure transducers and thrust OK 
pressure transducer; and verifying 
cleanness of engine control valve 
filters and for cleaning filters. 


Removing paint from areas where 
a thick paint remover cannot be used. 


Welding thrust chamber Inconel X 
tubes. 


Leak-testing fuel valve nose seal. 


Figure 1-4. Materials Specified in Thig Manual (Sheet 3 of 10) 
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Identification 
MIL-G-23827 
MIL-H-5606 


MIL-P~27401 


MIL-P-27401 


MIL-P-11414 


eet Color Y, 


Type 1{a 


MIL-R-5031 


MIL-S-22473, Grade AV 
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Name 
Gear grease 


Hydraulic fluid 


Gaseous nitrogen 


Liquid nitrogen 


Lacquer primer 


Zinc chromate 
primer 


347 CRES filler rod or wire 


Locking compound 


Use 
Lubricating interface panel pins. 


Lubricating packings in GSE hydrau- 
lic supply check valve, engine 
hydraulic supply check valve, engine 
control valve, four-way solenoid 
valve, bearing coolant control valve, 
and redundant shutdown valve and 
lubricating stem and armature in the 
redundant shutdown valve. 


Blowing contaminants from parts 
before parts removal; drying covers, 
closures, and engine parts; purging 
oxidizer pump seal, thrust chamber 
tubes, and engine control valve ports; 
testing components; and holding 
oxidizer valve poppet closed during 
poppet torquing. 


Flushing all metal hoses; chilling gas 
generator oxidizer purge check valve 
and oxidizer valve during assembly; 
chilling turbopump oxidizer inducer 
during inducer removal; and cryogenic 
testing oxidizer valve. 


Refinishing painted carbon steel 
surfaces. 


Refinishing painted carbon steel 
surfaces and priming areas to be 
painted and interface panel holes. 


Welding 347 CRES on thrust chamber 
manifold. 


Securing oxidizer valve position 
transducer arm and screw. 


(a) Compound has limited shelf life. Refer to paragraph 3-141 for usability tests. 
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R-3896-3 
Volume I 
Identification Name 
MIL-S--22473, Grade N Locking compound primer 
MIL-T-27602 Trichloroethylene 
MIL-T-8808, Type I 321 CRES tubing 
Molykote 2 (Dow Powder 
Corning Corp) 
MS20995N (Military Inconel lockwire 
Standard) 
Mylar film (Du Pont) Film 


Nicrobraz (Wall Colmonoy) Brazing flux 


No number Aluminum wool 
No number Carbon-steel wool (Class II 
pads) 


Section I 


Use 


Priming oxidizer valve position 
transducer arm and screw. 


Handcleaning CRES steel and nickel 
alloys, cadmium-, chrome-, nickel-, 
and silver plated parts, orifice 
plates, fuel valve position transducer, 
engine control valve, oxidizer valve 
seal blanks, and turbopump oxidizer 
seal lock; vapor degreasing rigid 
aluminum tubing, aluminum ducts, 
corrosion and heat resistant alloys, 
corrosion and heat resistant alloy 
ducts, rigid CRES steel tubing, 
flexible CRES and heat resistant alloy 
ducts, teflon lined hoses, all metal 
hoses, and orifice plates; ultrasonic 
cleaning rigid aluminum tubing, 
aluminum ducts, corrosion and heat 
resistant alloy ducts, rigid CRES 
steel tubing, flexible CRES and heat 
resistant alloy ducts, metal parts, 
combinations of metal and nonmetal 
parts, and bearing covlant control 
valve filters; flushing metal parts, 
quick-disconnects and thrust chamber 
tubes; and leak testing quick- 
disconnecta. 


Fabricating new drain tubes. 


Lubricating turbopump bearing lube 
seal packing. 


Safetywiring fittings and threarled 
fasteners with lockwire holes. 


Barrier material for replacing 
plastic foam in turbopump oxidizer 
volute cavities. 

Brazing thrust chamber tubes. 


Removing corrosion from aluminum. 


Removing corrosion from carbon 
steel material. 
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Section I 


Identification 


No number 


No number 


No number 


No number 


No number 


No number 


No number 


No number 


No number 


No number 


No number 


No number 


No number 


No number 


1-10F 


R-3896-3 
Volume I 


Name 


Carborundum paper (Grit 
No. 240, 280, 400, and 
600) 


CRES welding rod (0.040-, 
and 0. 045-inch diameter) 


Disodium phosphate hepta- 
hydrates (commercial grade) 


Ethylenediamine tetra 
acedic acid (commercial 
grade) 


Hastelloy C sheet metal 
0.034-inch thick 

Hastelloy C or W weld rod 
0.040-, 9.047-, and 3/32- 


inch diameter 


Hasteloy W filler rod 


Helium (commercial grade) 


Methylene chloride 
(commercial gi ade) 


Plastic sheet and strip 
(commercial grade) 


Stainless-steel wool (clasa 
O pads) 


321 CRES sheet metal 
0. 125-inch thick 


347 CRES sheet metal 
0. 125-inch thick 


75 He-25 Argon 
(commercial grade) 


Change No. 7 - 24 March 1972 


Use 


Removing corroston. 


Welding nozzle extension. 


Mixed with ethylenediamine tetra 
acetic acid, wetting agent Triton 
X-100 and water for cleaning engine 
control valve filters. 

Mixed with disodium phosphate 
heptahydrates, wetting agent (Triton 
X-100, and water for cleaning engine 
control valve filters. 


Repairing nozzle extenston. 


Repairing nozzle extension. 


Repatiing thrust chamber exhaust 
manifold 


Welding inet‘ gas backup fluid. 


Cleaning thrust chamber areas for 
brazing. 


Protecting heat exchanger inlet when 
turbine is disconnected. 


Removing corrosion from CRES 
material. 
Repairing nozzle extension. 


Repairing nozzle extension. 


Welding inert gas backup fluid. 
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R-3896-3 
Volume I 


Section T 


A A pe ore LI 


Identification 


O-A-51 (Federal 
Specification) 


O-N-350 (Federal 
Specification) 


0-0-8670 
(Federal Specification) 


Ospho (Rusticide 
Producis Co) 


O-T-620 (Federal 
Specification) 


P-D-680, Type I 
(Federal Specification) 


PPP-T-60 (Federal 
Specification) 


PR-1553 (Products 
natal and Chemical, 
SEMCO)\*) 


QQ-S-571, SN60 or SN63 
(Federal Specification) 


RB0120-017 (Rocketdyne)(4) 


RBO120-034 (Rocketdyne) ) 


RBO140-010 (Rocketdyne) 


Acetone 


Nitric acid 


Phosphoric Acid (85%) 


Rust remover 


Trichloroethane (Methyl 
chloroform) 


Dry cleaning solvent 


Waterproof tape 


Potting compound 


Lead-tin solder 


Sealant and antiseize 
dispersion 
Gasket sealant 


Fluorinated lubricant 


Stripping dye from parts; handcleaning 


metal parts before applying lubri-~ 
cating powder; and cleaning surfaces 
to be welded on heat exchanger, 
thrust chamber, and nozzle extension. 


Mixed with alodine 1200 powder 
(Amchem Products) to form solution 
for chemical film touchup of anodic~ 
coated parts. 


Mixed with isopropyl alcohol 
(Federal Specification TT-I-735), 
Thiourea (J. T. Baker Chemical Co), 
and distilled or deionized water to 
form solution for cleaning tarnish 
from electrical connector pins. 


Removing corrosion from gas 
generator fuel feed and oxidizer feed 
duct gimbal sections. 


Cleaning molded rubber seal orifice 
plates and handcleaning surface 
before installing identification plates 


Handcleaning painted areas, hypergol 
manifold cartridge container inlet 
port, corroded surfaces, and carbon 
steel surfaces in areas where 
flammable liquids can be used. 


Sealing packaged parts and securing 
varrier material to engine cover 
frame. 

Repairing electrical harness black 
overmold. 

Repairing electrical harness. 
Lubricating turbopump oxidizer inlet 
seal. 


Lubricating flat seals. 


Lubricating turbopump primary seal 
lock. 


(aq) Comnound has limited shelf life. Refer to paragrayh 3-141 for usabilily tests. 
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Section I R-3896-3 
Volume I 
Identification Name 


RBU140-012 (Rocketdyne) 


RBO170-064 (Rocketdyne) 


RBO170-06) (Rocketdyne) 


RBO195-002 (Rocketdyne) 


RB0210-002 (Rocketdyne) 


RBO210-003 (Rocketdyne) 


RBO210-O016 (Rocketdyne) 


RTV-102 (General 
Electric) (a) 


RTV-108 (General 
Electric)\4 


RTV-615 (General 
Electric)‘4 


SK-D-NF (Magnaflux 
Corp) 


SKL-4 (Magnaflux Corp) 


Figure 1-4. 


{a} Compound has limited shelf life. 


Lubricant grease 


Gold-nickel braze alloy 


Cold-nickel-copper 
brazing allov 


Pressure-sensitive tape 


Alkaline cleaner 


Trichloroethylene 


Corrosion preventative 


White sealant 

Adhesive sealant 
Silicone resin and curing 
agent 


Spot check aeveloper 


Dye-penetrant 


1-10H Change No. 7 - 24 March 1972 


Use 


Lubricating closure fasteners on 
components with inserts; pluga and 
seals in fuel, oxidizer, hydraulic, 
helium, and overboard drain systems; 
and fasteners on fuel valve, engine 
control valve, interface panel 
adapter, and thrust chamber dome. 


Brazing thrust chamber tubes. 


Welding certification. 


Securing iilm or bags to engine, 
sealing parts in bags, and masking 
surfaces before applying lubricants. 


Cleaning rubber lined hoses that 
have CRES fittings, all metal hoses, 
and combinations of metal and 
nonmetal parts. 


Flushing thrust chamber tubes. 


Protecting, unpainted stitionary 
carbon steel surfaces, cadmium-, 
chrone-, nickel-, and silver plated 
parts, gas generator fuel feed and 
oxidizer feed duct gimbal yokes and 
sections, thrust chamber outrigger 
arms, turbopump mounts, and bear- 
ing surface of turbopump forward 
mount lug. 


Repairing thrust chamber internal 
tube leaks. 


Repairing electrical junction box 
potting compound. 


Repairing electrical junction box 
potting compound. 


Indicating metal surface ‘lefects. 


Preparing metal surface for non- 
destructive testing. 


Refer to paragraph 3-141 for usability tests. 
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R-3896-3 
Veotume I 
identification Name 
§S$-4120 (General Silicone primer 
Electric)\4 
Stayfoam 308 foam filler 
(American Latex Corp) 
ST0130RB9078, Type I Silicone rubber tape 
(Rocketdyne) 
STO170GBO0001 (NR, Filler wire (Deoxidized 
Los Angeles Division) copper) 1/16 and 3/32-inch 
diameter 
TEC 901 (TEC Chemical Co) Aluminum cleaner 
Thiourea (J. T. Baker Thiourea 
Chemical Co) 
Triton X-100 (Ruhim and Wetting agent 
Haas Co) 
TT-t-735 (Federal Isopropyl alcohol 
Specification) 
TT-L-32 (Federal Cellulose lacquer 
Specification) 
TT-1.-50 (Federal Lacquer (aerosol can) 
Specification) 
TT-M-261 (Federal Methyl-ethyl-ketone 
Specification) 
TT-N-95, Type I Salvent 
{Federal Specification) 
TT-R-248 (Federal Paint and lacquer remover 
Specification) 


Section I 


Use 


Repairing electrical junction box 
potting compound. 


Repairing turbopump oxidizer volute 
cavity foam. 


Repairing electrical harness green 
overmold, 


Repairing thrust chamber. 


Handcleaning alumirum alloys. 


Mixed with isopropyl alcohol (Federal 
Specification TT-1-735), phosphoric 
acid (Federal Specification O-O-670 
and distilled or deionized water to 
form solution for cleaning tarnish from 
electrical connector pins, 


Mixed with disodium phosphate 
heptahydrates and ethyienediamine 
tetra acetic acid and water for clean- 
ing engine control valve filters. 


Mixed with phosphoric acid (Federal 
Specification O-O-670), Thiourea 
(J. 'T. Baker Chemical Co), and dis- 
tilled or deionized water to form 
solution for cleaning tarnish from 
electrical comector pins. Hand- 
cleaning covers and closures, exterior 
of electrical connectors, orifice plate 
RD251-5001, electrical harness plug 
rotective boot, and electrical junction 
ox electrical connectors. Stripping 
dve from parts. 


Refinishing painted carbon steel 
surfaces. 


Refinishing painted carbon steel 
surfaces. 


Stripping dyed parts; bonding humidity 
indicators; removing resin and 
catalyst from turbopump oxidizer 
volute; and cleaning electrical 
harness, harness overmold, and 
oxidizer valve position transducer 
arm and screw. 


Handcleaning surfaces for installation 
of identification plates. 


Removing paint from areas where a 
thick paint remover can be used. 


(a) Compound has limited shelf life. Refer to paragraph 3-141 for usability tests. 
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Section I 


R-3896-3 
Volume I 


SN A A er ti, 


Identification 


Turco WOL1 (Turco 
Products) 


Turco 4215 (Turco 
Products) 


VV-L-800 (Federal 
Specification) 


WD-40 (Rocket Chemical 
Co) 


101A (Leeder Chemir ils, 
Inc) 


1200 RTV (Dow Corning 
Corp)(a) 

205233 (Rocketdyne) 

425 (Minnesota Mining 
and Mfg) 

7862 (Victor Gloves, Inc) 


8105-LCO-6811 (Federal 
Stock Number) 


8135-782-7460 (Federal 
Stock Number) 


92-01 {Dow Corning 
Corp)? 


(a) Compound has limited shelf life. 


Rust remover 


Additive 


Lubricating oil 


Preservative 


Cleaner 


Primer 
Tube (aged in F-1 braze 
cycle) 


Aluminum-foil tape 


Nylon gloves 


Polyethylene bags 


Polyethylene tubing 


Aerospace sealant 


Refer to paragraph 3-141 for usability tests. 


Removing corrosion from gas gen- 
erator fuel feed duct and oxidizer 
feed duct gimbal sections. 


Cleaning rubber lined hoses and 
cleaning O-rings and packings on 
start and stop solenoid valves. 


Protecting unpainted carbon steel 
surfaces. 


Lubricating turbopump torque gear 
shaft and protecting untreated carbon 
steel surfaces, heat resistant and 
nickel alloy surfaces, and cadmiun-, 
chrome-, nickel-, and silver-plated 
parts. 

Cleaning rubber lined hoses and 
cleaning O-rings and packings on 
start and stop solenoid valves. 


Priming metal surfaces of repair 
areas for heat shrinkable overmolds. 
Repairing thrust chamber tubes. 


Repairing thrust chamber tube leaks. 


Handling parta. 


Protecting and packaging parts. 


Protecting and packaging parts. 


Repairing electrical harness heat 
shrinkable overmolds and plug boots. 


es a ag er 
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Part No. or 
Specification 


263-D 


253 


1777 


1777-SV-48 


263-A 


Figure 1- 


Name 


1/2-inch 
magnet (local 
purchase) 


Soft~bristle 
brush 
(Osborne 
Mfg Co) 


Brass wire 
brush 
(Osborne 
Mfg Co) 


Carbon-steel 
wire brush 
(Osborne 
Mfg Co) 


Stainless- 
steel wire 
brush 
(Osborne 
Mfg Co) 


Stiff-bristle 
brush 
(Osborne 
Mfg Co) 


Heat gun, 
Model B 
(Zonne Ind 
Tool Co) 


R-3896-3 
Volume I 


Use 


Distinguishes 


between low- 
alloy ferrous 
metals and 


stainiess steels 


or nonferrous 
metals (except 
nickel). 


Applies paint 
remover and 
cleaning com- 
pounds. 


Removes cor- 
rosion from 
electrical 
components, 
copper, and 
copper alloys. 


Removes cor- 
rosion from 
carbon steel 
material. 


Removes cor- 
rosion from 


CRES material. 


Applies paint 
remover and 
cleaning 
compounds. 


Dehyurates 
fungi on 
electrical 
components. 


5. Equipment for Corrosion 
Removal and Control 


Section I 
Paragraph 1-23 


1-23. CLEANING CORRODED SURFACES. 
Before corrosion removal and control procedures 
can be performed, grease, paint, oil, dirt, and 
other foreign substances must be removed from 
the surface of the metal. 


a. Wipe excess dirt, oil, and other foreign 
substances from surface. 


CAUTION 


Failure to comply with the require- 
merts of steps b through d may re- 
sult in future corrosion and/or 
damage to equipment. 


b. ff possible, isolate all surfaces near 
corroded area from cleaning and coi rosion- 
removing solution. Use moisture-proof cloth, 
tape, and drip pans. 
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Section I 
Paragraph 1-24 


c. Apply cleaning compound or solvent to 
surface with clean cloth or soft-bristle brush. 


WARNING 


The following procedure uses stod- 
dard solvent, which is flammable 
and must not be used near heat, 
sparks, or open flame. Inhalation 
of its vapors or prolonged contact 
with the liquid can cause serious 
injury. 


@ The following procedure uses cleun- 
ing compound (MIL-C-81302), which 
is volatile. Use in a well-ventilated 
area since the vapors displace the 
oxygen in the air, resulting in suffo- 
cation. 


d, If nearby surfaces cannot be completely 
sealed off from corroded area, clean corroded 
area with stoddard solvent (Federal Specifica- 
tion P-D-680, Type i). In areas where flam- 
mable solvents cannot be used, clean corroded 
area with cleaning compound (MIL-C-81302). 


e. Allow corrosion cleaner to remain on 
surface for several minutes; then scrub with 
cloth or bristle brush. Do not allow cleaner 
to dry on surface, 


{. Wipe surface thoroughly with a clean, 
dry cloth. 


g. If alkaline cleaning compound 
(MIL-C-25769) is used, rinse surface thoroughly 
with distilled or deionized water before clean- 
ing compound dries. Allow surface to dry 
completely. 


1-24. REMOVING PAINT FROM CORRODED 
AREAS. All paint must be removed from the 
corroded area and from at least 2 inches of 
uncorroded metal around the area before cor- 
rosion removal and control procedures can be 
applied. Paint can be removed chemically or 
with a wire brush, Chemical paint removers 
must not be used in areas where the remover 
can become trapped. 
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R-3496-3 
Volume I 


a. Remove paint from areas where chemical 
removers can become trapped, witha wire 
brush and 280-grit Carborundum paper. Wipe 
area clean with a damp cloth. 


b. To remove paint from areas where struc- 
tural complexities make it impossible to use a 
thickened paint remover, proceed as follows: 


(1) Using a stiff-bristle brush, apply 
dichloromethane (MIL-D-6998) to paint on 
corroded area, 


(2) Allow chemical to remain on surface 
until paint softens and lifts. 


CAUTION 


Paint remover that remains on the 
surface can cause corrosion, 


(3) Wash away loosened paint and remover 
or wipe from surface with a clean cloth fre- 
quently rinsed in tap water. 


(4) Repeat substeps 1 through 3 untii al} 
paint is removed from surface. 


(5) Wipe surface dry with clean, dry cloth. 


c. To remove paint from areas where a 
thickened paint remover can be used, proceed 
as follows: 


WARNING 


The following procedure uses paint 
and lacquer remover (Federal 
Specification TT-R-248), which is 
corrosive and forms an explosive 
gel when mixed with liquid oxygen, 
creating a hazard to both personne] 
and equipment. 


(1) Using a stiff-bristle brush, apply paint 
and lacquer remover (Federal Specification 
TT-R-248) to paint on corroded area. 


{2) Allow remover to remain on surface 
until paint softens and lifts. 


CAUTION 


Paint remover that remains on the 
surface can cause corrosion. 


(3) Wash away loosened paint and remover 
or wipe from surface with a clean cloth fre- 
quently rinsed in tap water. 


R-3896-3 


Section I 


Volume I 


(4) Repeat substeps 1 through 3 until all 
paint ig removed from corroded area. 


(5) Wipe surface dry with dry, clean cloth. 


1-25. CARBON STEEL. Remove corrosion 
from small areas as follows: 


WARNING 


The following procedure uses stod- 
dard solvent, which is flammable 
and must not be used near heat, 
sparks, or open flame. Inhalation 
of its vapors or prolonged contact 
with the liquid can cause serious 
injury. 


a. Clean area in accordance with instructions 
in paragraph 1-23. Use stoddard solvent 
(Federal Specification P-D-680, Type I). 


b. If surface is painted, remove paint in 
accordance with instructions in paragraph 1-24, 


ce. On small or complex components, remove 
all corrosion using carbon steel wool or 400- 
grit Carborundum paper. On larger components, 
a carbon-steel wire brush may be used to 
remove surface corrosion deposits. 


WARNING 


The following procedure uses stod- 
dard solvent, which is flammable 
and must not be used near heat, 
sparks, or open flame. Inhalation 
of its vapors or prolonged contact 
with the liquid can cause serious 
injury. 


d. Rinse area with stoddard solvent (Federal 
Specification P-D-680, Type I) and wipe dry. 


NOTE 


Corrosion preventative RB0120-016 
must be thoroughly mixed at 70° to 
95° F immediately prior to each 
application. 


e. Apply iubricating oil (VV-L-800) to un- 
painted working surfaces, or corrosion- 
preventive compound (MIL-C-16173, Grade I) 
or corrosion preventative RBO2Z10-016 
(Rocketdyne) to unpainted stationary surfaces, 
or apply a thin, even coat of preservative 
WND-40 (Rocket Chemical Co) to untreated 
surfaces. Do not apply more than one coat of 
WD-40 at a time. 


{f. On painted surfaces, refinish as follows: 
WARNING 


The following specifies primer 
(MIL-P-8585), which is flammable 
and must not be used near heat. 
sparks, oi uvpen flame. It is toxic. 
Inhalation of its vapors or prolonged 
contact with the primer can cause 
serious bochly harm. In case of 
prolonged exposure, immediately 
obtain fresh air and wash skin with 
soap and water. 


(1) Thoroughly mix and apply one coat of 
rust-inhibiting lacquer primer (MIL-P-11414) or 
zinc chromate primer (MIL-P-8585, color Y.) 
Allow primer to dry a minimum of 30 minutes. 


(2) Apply 2 coats of cellulose lacquer 
(TT-L.-32) or lacquer (TT-L-50) to match 
existing color in surrounding area. 


1-26. CORROSION-RESISTANT STEEI, AND 
NICKEL ALLOYS. Remove corrosion as 
follows: 


WARNING 


The following procedure uses clean- 
ing compound (MIL-C-81302), which 
is volatile. Use in a well-ventilated 
area since the vapors displace the 
oxygen in the air, resulting in 
suffocation. 


The following procedure uses tri~ 
chloroethylene, which is a toxic 
solvent. Inhalation of its vapors 
or prolonged contact with the liquid 
can Cause Serious injury or death. 


a. Clean area in accordance with instructions 
in paragraph 1-23. Use cleaning compound 
(MIL-C-81302) or trichloroethylene 
(MIL-T~-27602), 
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seciion I 


R: 3886 -3 


Volume I 


b. On small or complex coniponents, clean 
corroded area with stainless-steel wool or 400- 
grit Carhorundum paper until no corrosion is 
,. sible. 


c. On larger components, use a stainless- 
stcel wire brush to remove surface corroagion 
deposits. 


d. Wipe surface with clean cloth dampened 
in distilied or deionized water. 


NOTE 


Corrosion prevertative HBO210-018 
must be thoroughly mixed at 70° to 
95° F immediately prior to each 
application. 


e. ‘Apply corroston preventative RB0210-016 
ockotdyiio) to untreated stationary surfaces, 
or aoply athin, even coat of preservative 
WD-40 (Rocket Chemical Co) to untreated 
surfaces. Do not apply more than one coat of 
WD-40 ata time. 


1-27, CADMIUM-, CHROME-, NICKEL-, 

AND SILVER-PLATED PARTS. When a plated 
surface has become pitted aid the condition ts 
general (not restricted to small areas), the 
part or component may havo to ve replaced or 
refinished. Coordinate disposition with a 
Rocketdyne representative. For light rorroston 
in gm2l) areas, perturm the following: 


WARNING 


The following procedure uses tri- 
chloroethylene, which is a toxic 
solvent. Inhalation of its vapors or 
prolonged contact with the liquid ~an 
cause serious injury or death. 


The following procedure uses clean- 
ing compound (MIL-C-51302), which 
ia volatile. Use in a well-ventilated 
area, since the vapors displace the 
oxygen in the air, resulting in 
suffocation. 


Clean area in accordan7ze with instructions 
in Paraben 1-23. Use trichloroethylene 
(MIL~T-27602) or cleaning compound 
(MIL-C-81362). 
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b. Remove corrosion from plated surface 
using a Wire brush and wool made of same 
material as base metai or 400-grit Carbo: undum 
paper. Repeat step a. 


c. Inspect area tor corrosion. 


d. If corrosion remains, repeat steps a 
through c. 


NOTE 


Corrosion preventative RB0210-016 
must be thoroughly mixed at 70° to 
95” F immediately prior to each 
applicatiou. 


e. Apply a thin, even coat of preservative 
WD-40 (Rocket Chemical Co) to plated surtace. 
Do not apply more than one coat of WD-40 ata 
time, or apply corrosion preventatlve 
RBO210-016 (Rocketdyne) to untreated stationary 
surfaces. 


1-28. ALUMINUM ALLOYS. Remove corrosion 
from aluminum alloy aa follows: 


a. Preclean aluminum alloy surfaces in 
accordance with instructions ln paragraph 1-23. 
Use alkaline cleaning compound (MIL-C-25769). 


b. (Deleted) 


c. Final clean aluminum alloy surfaces as 
follows: 


CAUTION 


Avoid using excessive amounts of 
solvent to prevent uncentrolled run- 
ning or dripping. Excessive solvent 
could remove paint or the protective 
finish from adjacent surfaces, caus~ 
ing serious corrosion of equipment. 


(1) Apply TEC 901 (TEC Chemical Co) to 
exterior surfaces with a clean, soft cloth. 
Apply in long strokes to retnove all foreign 
dopos'ts and accumulations of grease and dirt. 


(2) Do not wipe aurfaces dry. Use a fresh 
application of solvent on a clean cloth. For 
final wipe, squeeze cloth as dry as possible, 
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Volume I 


CAUTION 


When abracing clad aluminum, ex- 
treme care must be used not to rub 
through pure aluminum coat. Without 
clad coating, some alurnuinum alloys 
corrode quickly. 


d. Remove all corrosion using aluminum 
wool or 400-grit Carborundum pape.. 


e. Rinse with distilled or deionized water, 
and dry. 


f. Inspect area, and if all corrosion his not 
been removed, repeat steps d and e. 


gy. After removing corrosion, refinish me- 
tallic sui faces as follows: 


(1) Clean area with TEC 901 (TEC 
Chemical Co). 


(2) Clean area with distilled vater. Da 
not dry. 


NOTE 


Chemical film solution must be 
mixed with distilled or deionized 
water in accordance with the in- 
structions of the manufacturer. 


(3) While surface ig still damp, apply 
chemical film (MIL-C-5541) with a clean brugh. 


(4) Keep area wet with fresh solution for 
15-20 minutes. 


(5) Rinse arca with distilled water. Dry 
area as outlined in paragraph 1-35A or allow to 
airdry. Do not wipe dry. 


1-29. (Deleted) 


1-30. REMOVING AND CONTROLLING COR- 
ROSION ON GAS GENERATOR FUEL AND 
OXIDIZER FEED DUCT GIMBAL SECTIONS, 


1-31. The following procedures outline the 
corrective action necessary to remove and con- 
trol corrosion (rust) on the yokes and bellows 
of the fuel feed duct gimbal section and on the 
bellows and weld areas of the oxidizer feed 
duc’ gimbal section. 


a. isolate all surfaces near corroded area 
from cleaning and corrosion-removing solution. 
Use moisture-proof cloth, tape, and drip pans. 


WARNING 


The following procedure uses stod- 
dard solvent. which is flammable 
and must not be used near heat, 
sparks or open flame. Inhalation 
of its vapors or prolonged contact 
with the liquid can cause serious 
injury. 


The following procedure uses clean- 
ing Compound (MIL-C-81302), which 
is volatile. Use in a well-ventilated 
area gince the vapors displace the 
oxygen in the air, resulting in 
suffocation. 


b. Clean corroded area by wiping with a 
clean. lint-free cloth or co.ton swab moistened 
With stoddard solvent (Federal Specification 
P-D-680, Type 1), and wipe dry. Substitute 
cleaning compound (MIL-C-81302) for stoddard 
solvent in areas where flammable solvents 
cannot be used, Do not allow solvent to dry on 
corroded area. 


CAUTION 


Carboruncum paper must not be 
allowed to contact the bellows of the 
gimbal, since damage to the bellows 
can re jult. 


@ Rust removers will cause etching on 
aluminum. If any of these materials 
contact aluininum, the affected area 
must be immediately ringed with clean 
water and dried. 


c. Remove corrosion from accessible cor- 
roded areas on yokes of fuel feed duct using 
400-grit Carborundum paper. Remove corrosion 
from less accessible corroded areas on yokes 
and bellows of fuel feed duct using a clean, lint- 
free cloth or cotton swab moistened with rust 
remover Turco WO1 (Turco Products), Kelite 
N-11 (Kelite Corp), or Ospho (Rusticide 
Products Co). 
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CAUTION 


Rust removers will cause etching 
on aluminum. lf any of these 
materials contact aluminum, the 
affected area must be immediately 
rinsed with clean water and dried. 


d. Remove corrosion from bellows and weld 
areas of oxidizer feed duct using a clean, lint- 
free cloth or catton swab moistened with rust 
remover Turco WO1 (Turco Products), Kelite 
N-11 (Kelite Corp), or Ospho (Rusticide Pro- 
ducts Co). 


e. Keep area wet with rust remover for 
5-10 minutes using a scrubbing action on each 
application. Do not allow rust remover to dry 
on affected area. 


f. Remove rust remover, clean-treated area 
by wiping with a clean, lint-free cloth or cotton 
swab moistened with distilled or delonized 
water, and wipe dry. 


g. Apply a thin, even coat of corrosion pre- 
ventative RBO210-016 (Rocketdyne) to treated 
area of yokes. Do not apply corrosion prevent- 
ative to bellows. 


NOTE 


Corros'on preventative RB02 10-016 
must be thoroughly mixed at 70° to 
95° F tmmediately prior to cach 
application. 


1-32, PREVENTING THRUST CHAMBER 
‘CORROSION, 


1-33, The thrust chamber outrigger arms, 
turbopump mounts, and bearing surfaces of the 
forward mount lug (used to attach the thrust cham- 
- ber to the engine handler) must have continuous 
protection. Provide continuous protection to 
these surfaces by applying corrosion preventa- 
tive RBO210-016 (Rocketdyne) and by maintain- 
ing this protective film. Corrosion preventative 
'RB0210-016 must be thoroughly mixed at 70° to 
35° F prior to each application, 
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1-34. CLEANING. 


1-35. All parts must be free of dirt, oil, 
grease, and foreign matter. Parts with dyed 
surfaces, to be cleaned for oxidizer compatibil- 
ity, must be stripped of dye (paragraph 1-35B) 
before cleaning. Parts and components must 

be inspected thoroughly during cleaning with 
particular attention paid to crevices, threads, 
and other areas where cleaning solvent could 
become trapped. All parts must be cleaned 
before items such as threaded fittings and in- 
serts are installed. Items such as inserts and 
fittings on reworked parts that are exposed to 
areas containing liquid oxyger, fuel, or pneu- 
matic gaseg must be removed before cleaning 
unless they can be masked off during cleaning. 
All new pacts that are not properly packaged, 
sealed, or marked must be cleaned ag described 
inthis gection. Parts cleaned by this procedure 
meet the cleanness requirements for use in 
liquid oxygen, fuel, pneumatic, and hydraulic 
systems. Cleaning solvent used for final 
riasing, flushing, or hand cleaning must meet 
the following particle count and nonvolatile 
residue determination (Whatman Particle 
Counting and Gravimetric (NVR) Techniques): 
For a size range of 100-175 microns, the 
particle count is five particles p2r 500 milliliters 
maximum; for a size range greater than 175 
microns, the particle count is zero. The 
nonvolatile residue is 10 milligrams per 500 
mullillters maximum. Figure 1-4 lists materials 
for cleaning the engine and engine parts. 
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1-354. DRYING CLEANED PARTS. Immedi- 
ately after cleaning, parts must be thoroughly 
dried to remove the cleaning solution and re- 
maining moisture. Unless otherwise specified, 
parts are to be dried as follows: 


a. Choserve facility safety requirements. 
WARNING 


Compressed gas must not be used 

for drying ur cleaning unless effec- 
tive chip guarding is used and per- 
sonal protection equipment ig worn. 


b. Thoroughly dry parts with a regulated 
source of low-pressure (less than 30 paig) 
gaseous nitrogen (MIL-P-27401) or clean, dry 
air conforming to the cleanness and humidity 
requirements of MIL-P-27401. Do not exceed 
pressures specified tn procedural steps. 


c. Apply gaseous nitrogen or alr only to 
surface area to be dried. Flow muat not be 
directed towards other personnel (n work area. 


1-35B. STRIPPING DYED PARTS. This 
procedure is required only when dyed parts are 
to be cleaned for oxidizer compatibility. 


a. Observe facility safety requirements. 


WARNING 


The following procedure uses methyl- 
ethyl-ketone, which is flammable and 
must not be used near heat, sparks, 
or open flame. Inhalation of its 
vapors or prolonged contact with the 
liquid can cause serious injury. 
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b. Strip dye from part by brushing or wiping 
dyed surface with a natural-bristle brush or a 
clean, lint-free cloth dipped in methyl-ethyl- 
ketone (Federal Specification TT-M~261). If 
dye is removed, omit steps c and d and proceed 
to step e. 


WARNING 


The following procedure useg acetone 
which is flammable and must not be 
used near heat, sparks, or open flame. 
Inhalation of its vapors or prolonged 
contact with the liquid can cause 
serious injury. 


c. Strip dye from part by brushing or wiping 
dyed surface with a natural-bristle brush or a 
clean, lint-free cloth dipped in acetone 
(Federal Specification O-A-51). If dye is 
removed, omit step d and proceed to step e. 


WARNING 


The following procedure uses isopropyl 
alcohol, which is flammable and must 
not be used near heat, sparks, or open 
flame. Inhalation of its vapors or pro- 
longed contact with the liquid can cause 
serious injury. 


a. Strip dye from part by brushing or wiping 
dyed surface with a natural-bristle brush ora 
clean, Mnt-free cloth dipped in isopropyl 
alcohol (Federal Specification TT~I-735). 


e. Clean part as outlined 'n paragraph 1-42 
or 1-43, as applicable. 
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1-36. CLEANING RIGID ALUMINUM TUBING, 
ALUMINUM DUCTS, AND RIGID CORROSION- 
RESISTANT ALLOY AND HEAT-RESISTANT 
ALLOY DUCTS. 


WARNING 


The following procedure uses tri- 
chioroethylene, which is a toxic 
solvent. Inhalation of its vapors 
or prolonged contact with the liquid 
can cause serious injury or death. 
Vapor-degrease tubing or ducts in trichlo- 
sacinlens (MIL-T~-27602). 


b, Ultrasonically clean aluminum tubing and 
ducts in trichloroethylene (MIJ.-T-27602) for a 
maximum of one minute. Ultrasonically clean 
corrosion- and heat-resistant-alloy ducts in 
trichloroethylene (MIL~T-27602) for a maximum 
time period of 5 minutes. Do not allow parts 
to dry. 


¢. Final-rinse tubing or ducts in trichloro- 
ethylene (MIL-T-27602) for a minimum of 2 
minutes at a minimum Linear flowrats of 35 feet 
per minute for tubing and a minimum of 5 
gal/min for ducts. 


WARNING 


Compressed gas must not be used 
for drying or cleaning unless ef- 
fective chip guarding 1s used and 
personal protection equipment is 
worn. 


d. Dry parts in an air-circulating oven ata 
temperature of 250° +10° F for a minimum of 
one hour, or thoroughly dry part with low- 

} pressure (less than 30 psig) gaseous nitrogen 
(MIL-P-27401) or clean, dry air conforming to 
the cleanness and humidity requirements of 
MIL-P-27401. (Refer to paragraph 1-354 for 
drying procedure. ) 
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e. Previously cleaned, lightly soiled parts 
may be recleaned by handwiping and flushing 
with trichloroethylene (MIL-T-27602). Dry 
parts with low-pressure (less than 30 psig) 
gaseous nitrogen (MIL-P--27401) or clean, dry 
air conforming to the cleanness and humidity 
requirements of MIL-P-27401. (Refer to 
paragraph 1-35A for drying procedure. ) 


f. Inspect parts for cleanness (paragraphs 
1-51 through 1-58), 


g. Handle and package cleaned parts as out- 
lined in paragraph 1-47. 
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1-37. CLEANING RIGID CORROSION- 
RESISTANT STEEL TUBING AND FLEXIBLE 
CORROSION-RESISTANT AI LOY AND HEAT- 
RESISTANT ALLOY DUCTS. 


WARNING 


The following procedure uses tri- 
chloroethylene, which is a toxic 
solvent. Inhalation of its vapors 
or prolonged contact with the Hquid 
can cause serious injury or death. 


a. Vapor-deprease tubing or ducts in tri- 
chloroethylene (MIL~‘T-27602), 


b. Ultrasonically clean tubing or ducts in 
trichloroethylene (MIL-T-27602) for a maxi- 
mum continuous time period of 5 minutes. 


c. Rinse parts with trichloroethylene 
(MIL-T-27602) for at least 2 minutes at a mini- 
mum linear flowrate of 35 ft/min for tubing 
and a minimum flowrate of 5 gallons per minute 
for ducts. During rinsing, hold duct ina ver- 
tical position and lightly rap each convoluted 
section about its entire circumference and 
length with a rewhide mallet to dislodye loose 
particles without damaging the duct. 


WARNING 


Compressed a3 must not be used 
for drying: or cleaning unless ef- 
fective chip gue rding is uged and 
personal protection eouipment is 
worn. 


dad. Dry parts in an air-circulating oven ata 

temperature of 250° 110° F for one hour, or 
| thoroughly dry part with low-pressure (less 

than 30 psi) gaseous nitrogen (MIL-P-27401) 
or clean, dry air conforming to the cleanness 
and humidity requirements of MIL-P-27401. 
When drying flexible ducts, gaseous nitrogen 
or air velocity must not exceed a maximum of 
30 ft/sec and an inlet pressure of 60 psig. 


(Refer to paragraph 1-35A for drying procedure. ) 


WARNING 


The following procedure uses cleaning 
compound (MIL-C-81302), which is 
volatile, Use in a well-ventilated area 
since the vapors displace the oxygen 
in the air resulting in suffocation, 
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e. Previously cleaned, lightly soiled parts 
may be recleaned by handwiping and flushing 
with trichloroethylene (MIL-T-27602) or clean- 
ing compound (MIL-C-81302), Dry parts with 
iow-pressure (less than 30 psig) gascous nitro- 
gen (MIL-P-27401) or clean, dry air conforming 
to the cleanness and humidity requirements of 
MIL-P-27401, (Refer to paragraph 1-35A for 
drying procedure. } 


f. Inspect parts for cleanness (paragraphs 
1-51 through 1-58), 


g. Handle and package cleaned parts as out- 
lined in paragraph 1-47, 


1-38. CLEANING TEFLON-LINED HOS&S, 


WARNING 


The following procedure uses tri- 
chlorocthylene, which is a toxic 
solvent. Inhalation of its vapors 
or prolonged contact with the liquid 
can cause serious injury or death, 


a. Vapor-degrease hoses in trichlorocthylenc 
(MIL-T-27602), 


b. Rinse hoses with trichloroethylenc 
(MIL-T-27602) for at least 2 minutes at a mini- 
mum linear flowrate of 35 ft/min. 


WARNING 


Compressed gas must not be used for 
drying or cleaning uniess effective 
chip guarding is used and personal 
protection equipment is worn, 


c. Dry hoses in an air~circulating oven ata 
temperature of 160° :10° F for 3 hours, or 
thoroughly dry hose with low-pressure (less 
than 30 psig) gaseous nitrogen (MIL-P-27401) 
or clean, dry air conforming to the cleanness 
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and humidity requirements of MIL-P-27401. 
(Refer to paragraph 1-35A for drying 
procedure. } 


d. Inspect hoses for cleanness (paragraphs 
1-51 through 1-58). 


e. Handle and package cleaned parts as out- 
lined in paragraph 1-47. 


1-39. CLEANING RUBBER-LINED HOSES, 
NOTE 


Use step a to clean hoses that have 
aluminum fittings, and use step b 
to clean hoses that have CRES 
fittings. 


a. Flush hoges that have aluminum fittings, 
with a 3-3.5 percent golution by volume of 
cleaning compound Turco 4215 (Turco Products) 
or cleaner 101A (Leeder Chemicals, Inc) in 
water heated to 125° to 140° F. Flush fora 
minimum of 2 minutes at a linear flowrate of 
35 ft/min. 


b. Prepare a solution of 4-6 ounces of alka- 
line cleaner RB0210-002 (Rocketdyne) to each 
gallon of water, and heat to 125° to 140° F. 
Flush hoses that have CRES fittings for at least 
2 minutes at a minimum linear flowrate of 35 
ft/min. 


c. Immersgion-rinse in dionized water 
heated to 130° to 150° F for at least 2 minutes. 


d. Rinse internally and externally with de- 
ionized water for at least 2 minutes. 


WARNING 


Compressed gas must not be used 
for crying or cleaning unless ef- 
fective chip guarding is used and 
personal protection equipment is 
worn. 


e. Dry hoses in an air-circulating oven at 
a temperature of 160° +10° F for 3 hours, or 
thoroughly dry hose with low-pressure (less 
than 30 psig) gaseous nitrogen (MIL-P-27401) 
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or clean, dry air conforming to the cleanness 
and humidity requirements of MIL--P-27401, 
(Refer to paragraph 1-35A for drying procedure. } 


f. Inspect hoses for cleanness (paragraphs 
1-81 through 1-58). 


g. Handle and package cleaned parts as out- 
lined in paragraph 1-47. 


1-40. CLEANING ALL-METAL HOSES. 
WARNING 


The following procedure uses liquid 
nitrogen, which must not be allowed 
to come in contact with any part of 
the body. Humegn tissues will freeze 
upon contact, causing serious injury. 
Eye pretection and protective cloth- 
ing must be worn by personnel han~ 
dling liquid nitrogen. Liquid nitro- 
fen must be used in a well-ventilated 
area since the vapors displace the 
oxygen in che air, resulting in suffo- 
cation, 


a. Flush hose with liquid nitrogen 
(MIL+P-27401) at a maximum velocity of 50 
ft/sec and an inlet pressure of 60 psig. Con- 
tinue flow until after full liquid flow has been 
attained, Do not let gaseous nitrogen velocity 
exceed 2.0 ft/sec during chilldown. 


WARNING 


Compressed gas must not be used 
for drying or cleaning unless ef- 
fective chip guarding is used and 
personal protection equipment is 
worn. 


b. Warm hose by purging with low-pressure 
(less than 30 psig) gaseous nitrogen 
(MIL-P-27401) or clean, dry air conforming to 
the cleanness and humidity requirerrea.s of 
MIL-P-27401. Gaseous nitrogen or air velocity 
must not exceed a maximum of 30 ft/sec and an 
inlet pressure of 60 psig. (Refer to paragraph 
1-35A for drying procedure. ) 
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c. Repeat step a, except reverse direction l. Finai-rinse with trichloroethylene 
of flow. {(MIL~T-27602) for a minimum of 2 minutes atl 


a minimum linear flowrate of 35 ft/min. 
d. Repeat step b. 


WARNING 
WARNING 
Compressed gas must not be used 
Compressed gas must not be used for drying or cleaning unless ef- 
for drying ur cleaning unless ef- fective chip guarding is used and 
fective chip guarding is used and personal protection equipment is 
personal protection equipment is worn. 
worn, 
m. Dry hose in an air-circulating oven at a 
e. Dry hose in an air- Aide uhh i ata temperature of 250’ 110” F for one hour, or 
temperature of 250° :10° F for one hour, or thoroughly dry hose with low-pressure (less 
thoroughly dry hose with low-pressure (less than 30 psig) zaseous nitrogen (MIL-P-27401) 
than 30 psig) gaseous nitrogen (MIL-P-27401) PSE EOReORe UTEDEe ‘ ° ‘ 
psig? Ba ‘ ‘ or clean, dry Air conforming to the cleanness 
or clean, dry air conforming to the cleanness and humidity requirements of MIL-P-27401, 


and humidity requirements of MIL-P-27401. G 
aseous nitrogen or air velocity must not ex- 
(Refer to paragraph 1-35A for drying procedure. ) ceed a maximum of 30 ft/sec and an inlet pres- 


sure of $0 psig. (Refer to paragraph 1-354 for 


WARNING drying procedure. ) 
The following procedure uses tri- 
chloroethylene, which is a toxic n. Inspect for cleanness (paragraphs 1-51 
solvent. Inhalation of its vapors through 1-58). 
or prolonged contact with the liquid 
ean cause serious injury or death. o. Handle and package cleaned parts as out- 


¢ « r4 1- . 
Vapor-degrease in trichloroethylene lined in paragraph 1-47 


(mit, -T-27602). 
1-41. CLEANING NONMETALLIC PARTS. 


“. Dry in an air-circulating oven at 


250° :10° F for one hour. WARNING 
h. Flush with a solution of 4-6 ounces of 
alkaline cleaner RBO0210-002 (Rocketdyne) to The following procedure uses clean- 
each gallon of water heated to 125° to 140° F. ing compound (MIL-C-81302), which 
Flush for a minimum of 2 minutes at a minimum ig volatile. Use in a well-ventilated 
linear flowrate of 35 ft/min. area since the vapors displace the 
oxygen in the air, resulting in suffo- 
i. Immersion-rinse in deionized water heat~ cation. 
ed to 130° to 150° F for a minimum of 2 
minutes. a. Hand-clean with a lint-free cloth or brush 
, moistened with cleaning compound 
j. Rinse internally and externally with de (MIL-C-81302). 


ionized water for at least 2 minutes. 


k. Dry in an air-circulating oven at 
250° +10° F for one hour minimum. 


WARNING 


The following procedure uses tri- 
chloroethylene, which is a toxic 
solvent. Inhalation of its vapors 
or prolonged contact with the Higquid 
can Cause serious injury or death. 
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WARNING 


Compressed gas must not be used 
for drying or cleaning unless ef- 
fective chip guarding is used and 
personal protection equipment is 
worn, 


b. Dry part with low-pressure (less than 30 
psig) gaseous nitrogen (MIL-P-27401) or clean, 
dry atr conforming to the cleanness and humidity 
requirements of MIL-P-27401. (Refer to para- 
graph 1-35A for drying procedure). 


c. Inspect for cleanness (paragraphs 1-51 
through 1-58). 


d. Handle and package cleaned parts as out~ 
lined {n paragraph 1-47. 


1-42, CLEANING METAL PARTS. Dyed parta, 
to be cleaned for oxidizer compatibility, must 
have the dye stripped from the part, as outlined 
in paragraph 1-35B, before cleaning. 


WARNING 


The following procedure uses tri- 
chloroethylene, which is a toxic 
solvent. Inhalation of its vapors 
or prolonged contact with the liquid 
can cause serious injury or death. 


NOTE 


Parts must not be allowed to dry 
before final rinse. 


a. Ultrasonically clean parts in trichloro- 
ethylene (MIL-T-27602). Clean plated anodized 
or chemically filmed parts for a maximum 
continuous time period of one minute. Clean 
all other parts for a maximum continuous time 
period of 5 minutes. 


WARNING 


The following procedure uses clean- 
ing compound (MIL-C-81302), which 
is volatile. Use in a well-ventilated _ 
area since the vapors displace the 
oxygen in the air, resulting in suffo- 
cation. 
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b. Final-rinse parts in trichloroethylene 
(MIL-T-27602) or cleaning compound 
(MIL-C-81302) for a minimum of 2 minutes. 


WARNING 


Compressed gas must not be used 
for drying or cleaning unless ef- 
fec‘ive chip guarding is used and 
personal protectlon equipment is 
worn. 


c. Dry parts in an air-circulating oven at a 
temperature of 250° :10° F for one hour, or 
thoroughly dry part with low-pressure (less 
than 30 psig) gaseous nitrogen (MIL-P-27401) 
or clean, dry air conforming to the cleanness 
and humidity requirements of MIL-P-27401. 
(Refer to paragraph 1-35A for drying procedure), 


d. Previously cleaned, lightly soiled parts 
may be recleaned by hanuwiping and flushing 
with trichloroethylene (MIL-T-27602) or clean~ 
ing compound (MIL-C-81302). Dry parts with 
low-pressure (less than 30 psig) gaseous nitro- 
gen (MIL-P-27401) or clean, dry air conforming 
to the cleanness and humidity requirements of 
MIL-P-27401. (Refer to paragraph 1-35A for 
drying procedure). 


e. Inspect parts for cleanness (parayraphs 
1-51 through 1-58). 


{f. Handle and package cleaned parts as out- 
lined in paragraph 1-47, 


1-43, CLEANING COMBINATIONS OF METAL 
AND NONMETALLIC PARTS. Dyed parts, to 
be cleaned for oxidizer compatibility, must have 
the dye stripped from the part, as outlined in 
paragraph 1-35B, before cleaning. Parts with 
nonmetallic constituents that are attacked by 
solvent flushing or immersion must be cleaned 
as outlined in paragraph 1-41. Clean parts with 
nonmetallic constituents that withstand solvent 
flushing or immersion as follows: 


a. Immerse and rotate parts in a solution of 
4-6 ounces of alkaline cleaner RB0210-002 
(Rocketdyne) to each gallon of water heated to 
125° to 140° F for 2 minutes. 
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b. Immersion-rinse in deionized water 
heated to 130° to 160° F for a minimum of 2 
minutes. 


ce. Rinse in deionized water for at least 2 
nunutes, 


WARNING 


Compressed gas must nat be used 
for crying or cleaning unless ef- 
fective chip guarding is used and 
personal protection equipment is 
worn, 


d. Dry parts in an air-circulating oven aia 
temperature of 160° +10° F for 3 hours, or 
thoroughly dry part with low-pressure (less 
than 30 psig) gaseous nitrogen (MIL-P-27401) 
or clean, dry air conforming to the cleanness 
and humidity requirements of MIL-P-27401. 
(Refer to paragraph 1-35A for drying procedure). 


WARNING 


The following procedure uses tri- 
chioroethylene, which is a toxic 
solvent. Inhalation of Its vapors 
or prolonged contact with the liquid 
can cause serious injury or death. 


Ultrasonically clean in trichlorocthylene 
(MIL T-27602). Clean plated, anodized, and 
chemically filmed parts for a maximum con- 
tinuous time period of one minute. Clean other 
parts for a maximum continuous time period of 
39 minutes. 


WARNING 


The following procedure uses clean- 
ing compound (MIL-C-81302), which 
is volatile. Use ina well-ventilated 
area since the vapors displace the 
oxygen in the air, resulting in suffo- 
cation. 


f. Final-rinse parts in cleaning compound 
(MIL-C-81302) for 2 minutes. 
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g. Dry in an air-circulating oven at 160 
310° F for one hour. 


h. Inspect parts for cleanness (paragraphs 
1-51 through 1-58). 


i. Handle and package cleaned parts as cul- 
lined in paragraph 1-47. 


1-44. CILEANING ELECTRICAL HARNESSES 
AND CONNECTORS. Electrical connectors 
are easily damaged. Protection must be pro- 
vided avainst pin damage and the entry of for- 
eign particles and moisture during the following 
procedure. 


WARNING 


Compressed yas must not be used 
for drying or cleaning unless ecf- 
fective chip guarding is used and 
personal protection equipment is 
worn, 


a Remeve dust, moisture, and foreien par- 
ticles from harnegses and connectors by blow- 
ing with low-pressure (less than 30 psig) gase- 
ous nitrogen (MIL-P-27401) or clean, dry air 
conforming to the cleanness and humidity re- 
quirements of MIL-P-27401, (Refer to para- 
graph 1-354 for drying procedure), 


WARNING 


The following procedure uses methyl- 
ethyl-ketone, which is flammable 

and must not be used near heat, 
sparks, or open flame. Inhalation 

of its vapors or prolonged contact 
with the liquid can cause serious 


injury. 


b. Remove dirt, grease, etc, from exterior 
surfaces of harnesses, including protective 
boot, by brushing or wiping with a natural- 
bristle brush or a clean, lint-free cloth damp- 
ened (not saturated) with methyl-ethyl-ketone 
(Federal Specification TT-M-261). Do not 
allow methyl-ethyl-ketone to contact Loctite 
compound on clamping nut and inserts of 
connector, 
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WARNING 


The following procedure uses iso- 
propyl alcohol, which is flammable 
and must not be used near heat, 
sparks, or open flame. Inhalation 
of its vapors or prolonged contact 
with the quid can cause serious 
injury. 


c. Clean interior and exterior surfaces of 
connectors by brushing lightly with a natural- 
bristle brush dipped in isopropyl alcohol 
(Federal Specification TT-1-735). 


WARNING 


Compressed gas must not be used 
for drying or cleaning unless ef- 
fective chip guarding is used and 
personal protection equipment is 
worn, 


d. Immediately dry harness or connector 
surfaces that have been cleaned with alcohol 
(step c), with low-pressure (less than 30 psig) 
gascous nitrogen (MIL-P-27401) or clean, dry 
air conforming to the cleanness and humidity 
requirements of MIL-P-27401, for 2 minutes 
minimum. (Refer to paragraph 1-35A for 
drying procedure). 


1-44A. CLEANING TARNISH FROM ELECTRI- 
CAL CONNECTOR PINS. 


WARNING 


The following procedure specifies 
isopropyl alcohol which is flammable 
and must not be used near heat or 
open flame. Inhalation of its vapors 
or prolonged contact with the liquid 
can cause serious injury. 


The following procedure specifies 
phosphoric acid, which {8 a toxic and 
corrosive liquid. Inhalation of its 
vapors or contact with the liquid can 
cauge serious injury. Eye protection 
and protective clothing must be worn 
by personnel handling phosphoric 
acid. 


e@ The following procedure specifies 
thiourea, which is toxic and poison- 
ous. Inhalation of its vapors or 
prolonged contact witn or ingestion 
of the material can cause serious 
injury or death. 


a. Prepare a cleaning solution of the following 
ingredients: 


Percent by 

Ingredient Weight _ 
Fhosphorie Acid (85%) 6 
(Federal Specification O-O-670) 
lsopropyl Alcohol (Federal 6 
Specification TT-1-735) 
Thiourea (J. T. Baker Chemical 15 
Co) 
Deionized or distilled water 73 


b. Using a clean cotton swab moistenedia 
cleaning solution prepared in step a, lightly 
burnish pin until tarnish ts removed. Do not 
burnish pin to the extent that pin plating is 
damaged or base metal is exposed. 


c. Using a clean cotton swab, moistened in 
deionized or distilled water, remove residual 
cleaning solution from cleancd pin. 


WARNING 


Compressed gas must not be used for 
drying or cleaning unless effective 
chip guarding is used and personal 
protection equipment is worn. 


d. Using a clean cotton swab moistened in 
isopronyl alcohol (Federal Specification 
TT-I-735), remove residual water from electri- 
cal connector; then thoroughly dry electrical 
connector with low-pressure (less than 30 psig) 
gaseous nitrogen (MIL-P-27401). 
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1-45. CLEANING TRANSDUCERS. Pressure 
transducers are delicate instruments and must 
be handled with extreme care. Solid material 
must not be inserted in the sensing cavity. 
Cleaning solution temperatures must not exceed 
165° F, 


WARNING 


Compreased gas must not be used 
for drying or cleaning unless ef- 
fective chip guarding is used and 
personal protectlon equipment is 
worn. 


WARNING 
e. Immedtately dry transducer with low- 
The following procedure uses iso- pressure (less than 30 psig) gaseous nitrogen 
propyl alcohol, which ia flammable (MIL-P-27401) or clean, dry air conforming to 
and must not be used near heat, the cleanness and humidity requirements of 
sparks, or open flame. Inhalation MIL-P-27401. (Refer to paragraph 1-354 for 
of ita vapors or prolonged contact drying procedure). 


with the liquid can cause sertous 
injury. 


a. Clean exterior surfaces of connector by 
brushing lightly with a natural fiber brush 
dipped in isopropyl alcohol (Federal Specifica- 
tion TT-I-735). Install protective cap. 


WARNING 


The following procedure uses clean- 
ing compound (MIL-C-81302), which 
is volatile. Use in a well-ventilated 
area since the vapora displace the 
oxygen in the alr, resulting in 
suffocation. 


b. Clean exterior surface of transducer by 
handwiping with a clean, lint-fr-e cloth mala- 
tened in cleaning compound (MIL-C-81302), 


c. Flush sensing port with cleaning compound 
(MIL-C-81302). 


CAUTION 
The tube used to flush or rinse the 
sensing cavity must not be inserted 
more than 1/4 inch. 


d. Rinse transducer tn cleaning compound 
(MIL-C-81302). 
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1-46. CLEANING PROTECTIVE CLOSURES 
AND COVERS, Clean protective closures and 
covers using the following procedures: 


a, Clean closures RD265-2001 and 
RD. 85-5016 and all metal closures and covers 


by vapor degreasing, as outlined in this section. 


Wear clean, lint-free nylon gloves when han- 
dling cleaned closures and covers. 


WARNING 


Compressed gas must not be uged 
for drying or cleaning unless ef- 
fective chip guarding is used and 
personal protection equipment is 
worn. 


b. Dry covers and closures with low- 

j pressure (less than 30 psig) gaseous nitrogen 
(MIL-P=-27401) or clean, dry air conforming to 
the cleanness and humidity requirements of 
MIL~P-27401 (refer to paragraph 1-35A for 
drying procedure) or oy handwiping with a 
clean, hemmed nylon cloth. 


WARNING 


The following procedure uses {s0- 
propyl alcohol, which is flarnmable 
and must not be used near heat, 
sparks, or open flame. Inhalation 
of its vapors or prolonged contact 
with the liquid can cause serious 


injury. 


« The following procedure uses clean- 
ing compound (MIL-C-81302), which 
is volatile. Use ina well-ventilated 
area since the vapors displace the 
oxygen in the air, resulting in 
suffocation. 


c, Clean closures of plastic or combinations 
of plastic, metal, and elastomeric material as 
follows: 


(1) Clean by handwiping with a clean, 
hemmed nylon cloth or by scrubbing with a 
clean brush wetted with unused cleaning com- 
pound (MIL-C-81302) or isopropyl] alcohol 
(Federal Specification TT-I-735), 


(2) Wear clean, lint-free nylon gloves 
when handling cleaned closures. 
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WARNING 


Compressed gas must not be used 
for drying or cleaning unless ef- 
fective chip guarding is used and 
personal protection equipment is 
worn. 


(3) Dry closure with low-pressure (less 
than 30 psig) gaseous nitrogen (MIIL.-P-27401) 
or clean, dry air conforming to the cleanness 
and humidity requirements of MIL- P-27401 
(refer to paragraph 1-35A for drying procedure) 
or by handwiping with a clean, hemmed nylon 
cloth. 


d. Inspect closures and covers for cleanness 
(parayraph 1-51). 


e. Handle and package cleaned closures and 
covers as outlined in applicable procedures of 
paragraph 1-47, 


1-47. HANDLING AND PACKAGING CLEANED 
PARTS. 


1-48. Improper handling and packaging of clean 
parts can result in unnecessary expenditure of 
tlme and effort to reclean or teardown parts. 
The recommended methods of handling and 
packaging cleaned parts are defined in the fol- 
lowing procedure and illustrated in figure 1-6A. 
The protective mi.terial used in this procedure 


is plastte sheet and strip, (Federal Specification 


L~P-378, Type Il), or commercial grade poly~ 
ethylene. 


NOTE 


Clean polyethylene bags Federal 
Stock No. 8105-LCO0-G6811) or 
clean polyethylene tubing (Federal 
Stock No. 8135-782-7480) may be 
used for packaging. 


Clean, lint-free nylon gloves 

No. 7862 (Victor Gloves, Inc) or 
disposable polyethylene gloves 
must be worn when handling parts 
where hand contact is made with 
critical surfaces -hat will con- 
tact operating fluid (liquid or gas). 


Packaging materials, when used 
as an inner wrap, must be new, 
visually clean and dry. Closures 
used to protect cieaned parts 
must be cleaned as specified in 
paragraph 1-46. 
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Figure 1-6A, Methods of Packaging Cleaned Parts 
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a. Package parts immediately after heing 
cleaned, except when parts ure to be assembled 
immediately, and at all times before removing 


perts from cleaning area. 


b. Protect parts that have been cleaned and 
are to be assembled in the same area, with 
clean protective covers and/or closures. 


c. Package each part individually in a certi- 
fication and identiiication bag, or ina new. 
visually clean, dry polyethyiene bag. Seal bag 
by heat sealing or, if a temporary package, 
with pressure-sensitive tape (Federal Specifi- 
caticn PPP-T-60). Tape must not be applied 
on threads, critical machined surfaces, mating 
surfaces, or surfaces inat will contact operat- 
ing fluid. Tape used to secure pac'iaging mate- 
rial must be prepared for ease of removal iro 
the part by folding the ovter end of the ape back 
upon itself, adhesive to adhesive, forming a 
tab approximaivly 1/2 inch Jong. 


NOTE 


Metal fastere:s, staples, or paper 
clips must not ve used to seal pack- 
ages. 


d. Package small, lightweight parts. sealed 
with protective closures, in a visually clean, 
dry, polyethylene bag (minimum thickness of 
0.004 inch). Heat-seal bag. Prior to sealing, 
remove excess air irom bag by manually form- 
in bag around enclosed part. If part weighs 
more than 3 pounds, use bag with a minimum 
thickness of 0.006 inch. 


e. Package part with sharp projections, 
sealed with protective closures, in 2 polyethy- 
lene bags, one within the other, to mininize 
the possibility of puncturing the bags. If this 
method is inadequate, an initial wrap of several 
layers of polyethylene film may be used instead 
of the ianer bag. Heat-seal bag. Prior to 
sealing, remove excess air from tig by manu- 
ally forming bag around enclosed part. When- 
ever an oversized bag is used, isolate part in 
one area of bag and make a single additional 
heat eal to niaintain part in required position. 


f, For parts with such configuration 
(fragility, finish, or wright) that packaging 
inslructions in steps d and e are inadequate, 
weap part in clean polyurethane fuam or poly- 
ethylene foam. The minimum thickness of the 


polyurethane foam for a part weighing less than 
7 pounds must be 1/2 inch, anc for a part 
weighing 7-10 pcunds, one inch. If polyethylene 
foam is used, the minimum thickness must be 
1/8 inch for a part weighing less than 7 pounds, 
1/4 inch for a part weighing 7-10 pounds, 3/8 
inch for a part weighing 10-15 pounds, and 1/2 
inch for a part weighing 15-20 pounds. Sheets 
of various thicknesses may be combined to ob- 
tain the required thickness. Pack part ina 
Suitable snug-fitting container and mark con- 
tainer with same information as on the part, 
except for serial number. 


g. Seal large lines, hoses, and ducts with 
suitable protective closures and cover ends with 
new, visually clean, dry polyethylene bags or 
film. Secure bags or film by heat sealing or 
with pressure-sensitive tapc RBO195-002 
(Rocketdyne), Tape must not contact threads, 
critical surfaces, or sealing surfaces that will 
contact operating fluid. Seal small lines, hoses, 
and ducts with suitable protective closures and 
package ina new, visually clean, dry pulyethy- 
lene bag or film. Secure bag or film by heat 
vealing. 


h. When it is not possible to package a part 
in a bag with a certification label, the required 
protective closures installed with holts or oth. r 
fastener devices must be certified by u)plying 
lead or aluminum seals tu the bolts or fastener 
devices and an inspection stamp imprinted on 
the seai, or a certification label affixed (two 
places) half on the closure and half on the part. 
Markings, decals, or labels applied to a part 
for certification, must not be plwred on any 
critical machined surface, sealing surface, oc 
surface that will contact operating fluid. 


i. To certify cleanness of a packaged vart, 
an inspection certification label must be placed 
over each heat seal of the bag, and must contain 
the identification of the inspection agency and 
the specific inspector's stamp. In addition, the 
bag must be identified with certification and 
identification labels which contain the following 
minimal information: 


(1) Precautionary statement that package 
must not de opened until ready for immediate 
use and that certification is void if seal is pre- 
maturely broken 


(2) Level of cleanness or service 
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(3) Part number 

(4) Serial number 

(5) Design activity 

(6) Date 

(7) Manufacturing activity 
(8) Inspection stamp 


j. Identify part that has been lubricated for 
a special service with appropriate label or 
decal indicating type of service, such as lubri- 
cated for liquid oxygen service or lubricated 
fur pneumatic service, 


k. Seal decal or label to bag or affix decal 
or label to part. Decals or labels applied to a 
part for certification or identification must not 
be placed on any critical machined surface, 
sealing surface, or surface that will contact 
operating fluid. 


]. Parts removed from protective packages 
for test purposes may be repackaged without 
being recleaned, provided contamination has 
not been introduced during testing. Use only 
new, visually clean, dry polyethylene bags or 
film to repackage parts. Do not reuse original 
bag. 


m. Prutective closures removed from a part 
for test purposes, must be immediately pack~ 
aged ina new, visually clean, dry polyethylene 
bag or film and sealed by heat sealing, by using 
pressure- sensitive tape (Federal Specification 
PPP-T-60), or by tying. Closures must remain 
packaged until immediately prior to reinstalla- 
tion. 


WARNING 


The following procedure uses iso- 
propyl alcohol, which is flammable 
and must not he used near heat, 
sparks, or open flame. Inhalation 
of its vapors or prolonged contact 
with the liquid can cause seriuus 
injury. 


n. For parts that have been cleaned, that 
utilize protective closures as the only cleanness 
integrity barrier, and that have been subjected 
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to other than a controlled environment, accom- 
plish the following prior to temporary removal 
of protective closures: 


(1) Clean 2xterior surfaces of closures with 
aclean, unused, hemmed nylon cloth, saturated 
with clean, unused isopropyl alcohol (Federal 
Specification ‘i'T-I-735). 


(2) After surfaces are dry, remove clo- 
sures from part and package closure in new, 
visual)? clean, dry polyethylene bags or film 
and seal by heat sealing, by using pressure- 
sunsitive tape (Federal Specification PPP-T- 60), 
or by tying. Closures must remain packaged 
until immediately prior to r‘installation on part. 


o. Inspection certification seals and labels, 
cleaning identification labels, or certification 
and ‘dentification bag seals must not be broken 
except for reanspection or use of the part. If 
any one of the required certification seals or 
labels are broken or missing, pertorm the fol- 
lowing, as applicabie, in an approved cleanarea’ 


(.) Reinspect part if inspection certification 
labels or seals, ifquired for protective closure 
certification, are broken or missing. If inspec- 
tion reveals that no contamination has occurred, 
part may be repackaged without cleaning. 


(2) Replace broken bags and broken or 
missing inspection certification labels only if 
seaicd protective closures are intact and if in- 
spection reveals that no contamination has 
occurred, 


(3) Replace broken or missing precaution- 
ary and cleaning identification labels only if 
certification decals or labels are intact. If 
certification decals or labels show evidence of 
being disturbed, broken or missing precautionary 
and cleaning identification labels must not be 
replaced until inspection ascertains that thepart 
will meet applicable cleaning requiremenis. 


p- Inspect each protective closure and/or 
item of packaging material removed from clean 
part, to make certain that complete protective 
item ig removed and that vortions do not remain 
that covid contaminate part, 
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1-49. INSPECTING. 


1-50. The following paragraphs list the methods 


by which parts may be inspected for cleanness 
(paragraphs 1-51 through 1-58) and damage 
(paragraphs 1-59 through 1-62). 


1-51. INSPECTING PARTS FOR CLEANNESS. 


1-52. Methods that may be used to determine if 
parts are clean are: a particle count and non- 
volatile residue determination test, visual test, 
water-break test, soiling test, ang inspection 
for residual halogenated solvents. 


1-53. PARTICLE COUNT AND NONVOLATILE 
RESIDUE DETERMINATION TEST. After final 
cleaning, @ minimum of 5 percent of all items 
cleaned, but nut less than one item for each 
group of 20 or less, must be selected at ran- 
dom for quantitative particulate and nonvolatile 
residue analysis. The sample selected must 
be representative of the items cleaned, Ina 
clean container, obtain a sample of the final- 
rinsing fluid after it has passed over the 
critical surface area of the cleaned items. The 
size of required samples is noted in step a. 
Critical surface areas are defined as all hard- 
ware surfaces that may come in contact (di- 
rectiy or indirectly) with the respective service 
medium. 


a. For components with a critical surface 
area of 1.0 to 5.0 square feet, obtain a 500- 
milliliter sample. For components with a 
surface area less than 1.0 square foot, a 
quantity of cleaned components sufficient to 
make up a minimum of 1.0 square foot must be 
combined, For components with a critical 
surface area greater than 5.0 square feet, ob- 
tain a 100-milliliter sample for each square 
foot of critical surface area. 


b. Process component sample (filtration) 
for particle counting. Filter only a 500- 
milliliter portion of the sample taken from 
components with a surface area greater than 
5.0 square feet. Filtrate collected in vacuum 
flask must be sayed for nonvolatile residue 
content analysis (step e). 


c, Using a magnification of 40 +1UX, count 
all particles on total effective filter paper sur- 
face area which are 175 microns or larger. 
Record particles in 3 groups: 176-700, 
700-2,500, and over 2,500 microns. There is 
no difference between a particle or fiber, re- 
gardless of size and/or composition. Total 
effective filter paper surface area is defined as 
that area bounded by the inside diameter of the 
filtration apparatus tunnel. 
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d. Count all particles in each range per 
square foot of critical surface area, and calcu- 
late as follows: 


Particles per square foot = x 
where 


N = number of particles (within a size 
range) on total effective filter paper 
surface area 


a = square feet of critical surface area 


sampled 
Particles Allowable per 

Size Range Square Foot of Critical 

_{Microng)} Surface Area 
Smaller than 175 Unlimited 
175-700 5 
700-2, 500 1 
Larger than 2,500 None 


e, Analyze filtrate collected in step b for 
determination of nonvolatile residuc, using 
gravimetric technique. Nonvolatile residue 
(NVR) per square foot of surface area must not 
exceed 1.0 milligram. Calculate NVR as fol- 
lows: 


NVR = 


where 


W1= milligrams NVR weighed in compo- 
nent sample 


Wo = milligrams NVR weighed in blank 
sample 


a= square feet of critical surface area 
sampled 


1-53A, ACIDITY AND ALKALINITY TEST. 


This test is performed after final cleaning of 
parts with critical surfaces that have been 
subjected to the particle count and nonvolatile 
residue determination test outlined in para-~ 
graph 1-53, 


a. Wet external and accessinvle internal 


cleaned surfaces with a few drops of distilled 
water neutralized to a pH factor of 6.0 to 3,0. 
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D. Using pH indicating paper, test wetted 
surfaces. Acidity and alkalinity indicated 
must be within 6.0 and 8.0 pH. 


c. Make sure residual water is removed 
from test surfaces. 


1-54. VISUAL TEST. Inspect parts for pres- 
ence of moisture, rust, scale, dirt, chips, oil, 
grease, or other debris. The presence of any 
of these requires recleaning. Discoloration 
caused by welding or passivation is not grounds 
for recleaning unless accompanied by rust or 
scale. Water-break and soiling tests may be 
performed, as required. 


1-55. WATER-BREAK TEST. This test is 
performed on metallic parts by pouring a small 
amount of distilled water over visible and com- 
pletely accessible cleaned areas of the part. 
An unbroken water film should form on the 
metal surface. If the water forms into small 
droplets, reclean the part. After testing, dry 
part as outlined in paragraph 1-35A, or hand- 
wipe with a clean, hemmed nylon cloth. 


NOTE 


Some materials, even if clean, do 
not present a water-break~-free 
surface and require additional tests. 


1-56. SOILING TEST. Lightly wipe cleaned 
part with a clean, lint-free, white cloth. Any 
visible deposit on the cloth requires recleaning 
of the part. 


NOTE 


Soft materials, such as alumi. m, 
must not be rubbed hard, since 
metal removal can occur and be 
confused with dirt. 


1-57. INSPRCTING FOR RESIDUAL HALOGEN- 
ATED SOLVENTS. 


1-58. Perform this inspection with halogen leak 
detector 5797934G1 with probe detector H-5P 
(General Electric), or equivalent, 
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a. Connect leak detector power cable to 
116-vac electrical source; then move function 
switch to HEATER position. 


b. Allow leak detector to warm up for at 
least i" minutes. Reading must be between 5 
and 7 on 0-10 scale. 


WARNING 


Compressed gas must not be used 
for drying or cleaning unless ef- 
fective chip guarding is used and 
personal protection equipment is 
worn. 


c. Check that trichloroethylene vapors from 
cleaned parts are not at a concentration level 
that can be detected by odor. Purge part with 
low-pressure (less than 30 psig) gaseous nitro- 
gen (MIL-P-27401) or clean, dry air conforming 
to the cleanness and humidity requirements of 
MIL-P~-27401, to reduce trichloroethylene vapors 
to a level that cannoi be detecied by odor. (Re- 
fer to paragraph 1-354 for drying procedure). 


d. Open leak-detector probe needle valve 2 
full turns from fully closed position by rotating 
probe tip. 


e. Move leak detector function switch to 
MANUAL ZERO position, and move RANGE 
selectu~ switch to 3 x 107” position. 


f. Place leak-detector probe within 10 feet of 
part to be inspected. Then move ZERO adjust- 
ment knob until scale reacing is zero. Do not 
change RANGE selector switch in order to obtain 
a steady zero indication. If a steady scale indi- 
cation of zero cannot be obtained, move detecti: . 
operation to an area where a steady zero can be 
obtained. 
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Compressed gas must not be used 
for drying or cleaning unless ef- 
fective chip guarding is used and 
personal protection equipment is 
worn. 


g- Insert leak-detector probe into one end of 
part. Then supply low-pressure (less than 30 
psig) gaseous nitrogen (MIL~P-27401) or clean, 
dry air conforming to the cleanness and humidity 
requirements of MIL-P-27401 to opposite end at 
a flowrate of 0.1 tc 0.3 cfm for 3 minutes. (Re- 
fer to paragraph 1-35A for drying procedure. ) 
Leak-detector scale must indicate zero after 
approximately 30 seconds. 


NOTE 


A positive indication at the start of 
detecting may be due to an accumu- 
lation of residual trichloroethylene 
vapors. If the leak detector con- 
tinues to give a positive indication 
and does not return to zero, trichlo- 
roethylene is present. The part 
contalning trichloroethylene must be 
purged with heated low-pressure 
(less than 30 psig) gaseous nitrogen 
(MIL-P-27401) or heated, clean dry 
air conforming to the cleanness and 
humidity requirements of MIL-P-27401, 
as necessary, to accompiish the re- 
quirements of step ¢. 


h. Repeat step g for remaining openings or 
pass.ges in part. 


i. Remove source of gaseous nitrogen, and 
secure leak detector. 


1-59. INSPECTING FOR DAMAGE. 


1-60, Visual inspection is normelly a satisfac- 
tory method for determiring damage. For parts 
where damage is suspected but not apparent, 

the dye penetrant or magnetic particle inspection 
methods may be used, af applicable. If inspec- 
tion of a component, part, or weld reveals a 
detect that does not have an auceptubllity or 
repair disposition within this manual, the defect 
must be reterred to the manufacturer's repre- 
sentative for accext bility and repair disposition. 
A comporent or part that cannct be repaired 
must be replaced with a componcnt or »art bear- 
ing the game part number. 


METHOD. The dye-penetrant inspection 
method is used for parts treated by chemical 
film or anodic coatings and parts used for 
direct or indirect liquid oxygen service. This 
method of inspection may be used to detect 
surface defects or indications of possible de- 
fects in parts made of nonabsorbent, nonporous 
material. Dye-penetrant indications are not 
necessarily cause for rejection. It is the re- 
sponsibility of a dye-penetrant inspector, certi- 
tied by MIL-STD-410, to evaluate indications 
and to determine whether an indication actuaily 
represents a defect. Perform the dye-penetrant 
inspection as follows: 


a. Clean part (paragraph 1-34) using appro- 
priate method for type of service in which part 
is used. 


b. Brush or spray a light, even coat of 
SKL=4 dye-penetrant (Magnaflux Corp) on 
areas to be inspected. 


ec. Allow penetrant to remain on part fora 
minimum of 5 minutes at 60° to 90° F, Parts 
that have heen in an environment of less than 
60° F must be preheated 60° to 150° F and 
allowed to remain at normal room temperature 
(60° to 90° F) for a minimum of 30 minutes 
prior to application of penetrant. 


d. Remove excess penetrant with a clean, 
dry cloth followed by a water-dampened cloth. 


e. Air-dry pert for a minimum of one min- 
ute, or wipe purt with clean, dry cloth or paper 
towe., prior to application of developer. 


f. Thoxoughly 11x SKD-NF spot-check 
developer (Magnaflux Corp), and spray a thin 
even coat on area to be inspected. 


g. Wait a minimum cf 5 minutes, and inspect 
area for defects. 


h. Clean part after inspection (paragraph 
1-34) using appropriate method for type of 
service tn which part is used. 
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1-62. MAGNETIC PARTICLE INSPECTION 
METHOD, Magnetic particle inspection is a 
nondestructive methed of inspecting ferromag- 
netic materials. It reveals defects that cannot 
be detected by normal visual inspection. Mag- 
netic particle inspection must be performed on 
equipment, and by personnel certified in accord- 
ance with MIL-STD-410, The magnetic particle 
inspection process consists of magnetizing the 
part to be inspected and applying a suitable in- 
spection medium. When an electric current 
flows through a conductor magnetic lines of 
force are produced in and around the conducting 
element. These magnetic lines of force assume 
a position at right angles to the direction of 
current flow, requiring two mechods of magnet- 
ization, circular and longitudinal. The method 
chosen depends upon the shape of the part and 
the direction of the required magnetic field. 

It is the responsibility of a certified magnetic 
particle inspector to evaluate indications to 
determine whether they actually represent 
defects. Demagnetize parts after magnetic 
particle inspection except parts inspected by 
yoke and powder method, 


1-63, REFINISHING ANODIC-COATED, 
VASSIVATED, “AND PAINTED St SURFACES, 


1-64. Damage consisting of scratches or abra- 
sions on anodized surfaces may be touched up 
by the brush-on method, using chemical film 
materials and treatments meeting the require- 
ments of MIL-C-5541. When damage to the 
anodized surface is extensive and requires that 
the part be completely reanodized, strip anodic 
coating and reanodize in accordance with 
MIL~A-8625. Damage consisting of scratches, 
abrasions, or corroded areas on CRES may be 
repassivated by the swab passivaticn method. 


1-65. APPLYING CHEMICAL FILM TOUCHUP 
TO ANODIC-COATED PARTS. 


1-66. Either Iridite 14-2 solution (Allied 
Research Products) or Alodine 1200 (Amctem 
Products) (steps d and e) may be used for 
applying chemical film touchup to parts after 
repair. The procedure for application of 
chemical touchup is as follows: 


WARNING 


The following procedure uses tri- 
chloroethyiene, which is a toxic 
solvent. Inhalation of its vapors 
or prolonged contact with the liquid 
can Cause serious injury or death. 
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a. Clean part using trichloroethylene 
(MIL-T-27602), and wipe part dry with soft, 
clean cloth. 


b. Wearing rubber gloves, deoxidize part by 
applying a mixture of one part by volume of 
cleaning compound (MIl-C-5410, Type 1) and 
one part distilled or deionized water at 65” to 
95° F. Use a soft-bristle brush or clean cloth 
to apply mixture, and keep surface wet for 
5-10 minutes. 


c, Using a spray, rinse part in clean tap 
water at room temperature, or wipe part with 
2 clean cloth frequently wrung out in cloan 
water. Surface must rinse to a water-break- 
test (paragraph 1-55) condition. 


WARNING 


The following procedure uses Jridite 
and Alodine solutions, which are 
acids. Contact with these solutions 
can cause serious injury to personnel 
or damage to equipment, 


d. Prepare Iridite 14-2 solution by mixing 
6 ounces of Iridite 14-2 powder (Allied Research 
Products) and 0.01 ounce of ARP No. 2 deter- 
gent (Allied Research Products) in one gallon 
of water, 


e. Prepare Alodine solution by mixing 4 
ounces of Alodine 1200 powder (Amchem Prod- 
ucts) with 0.5 ounce of nitric acid (Federal 
Specification O-N-350) in one gallon of water. 


f. Wearing face shield and rubber gloves 
and using a soft-bristle brush or clean cloth, 
coat part with Iridite 14-2 solution for 3-5 
minutus or with Alodine 1200 solution for 1-3 
minutes. Coat only a small area at a time. 

If ne color develops, repeat steps b, c, and f, 


g. Rinse part by flushing with tap water. 
Avoic hand-ruhbing, since wet film is easily 
removed, 


CAUTION 


Organic material upon which Iridite 
or Alodine solutions have dried be- 
comes highly flammable. 


h. Thoroughly rinse solution from brushes 
and cloths. 
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1-67. REPASSIVATING 300- AND 400-SERIES 
CORROSION-RESISTANT STEEL. 


1-68. Reworked areas on CRES may be repas- 
sivated by swab passivation as follows: (Parts 
brazed with silver, copper, or nickel alloys 
must not be passivated. Do not passivate the 
following alloys: Hastelloy B, 440 A (annealed), 
Monel 440, 440 B (annealed), Monel K-500, 

440 C (annealed), nickel 200, 440 F (annealed) 
or nickel 201.) 


a. If area is corroded, remove corrosion as 
outlined in paragraph 1-26. 


CAUTION 


Wire brush must not be used on 
hellows sections. 


b. If scratched or abraded, brush area to be 
passivated with fine-wire stainless-steel brush. 


c. Polish area with crocus cloth. 
WARNING 


The following procedure uses tri- 
chloroethylene or trichloroethane, 
which are toxic solvents. Inhala- 
tion of the vapors or prolonged 
contact with the liquids can cause 
Serious injury or death. 


e Compressed gas must not be used 
for drying or cleaning unless ef- 
fective chip guarding is used and 
personal protection equipment is 
worn. 


d. Thoroughly clean area with a clean, 
hemmed nylon cloth dampened with clean tri- 
chloroethylene (MIL-T-27602) or cleaning com- 
pound (MIL-C-81302). Dry area with low- 
pressure (less than 30 psig) gaseous nitrogen 
(MIL-P-27401) or clean dry air conforming to 
the cleanness and humidity requiroments of 
MIL-P-27401. (Refer to paragrap'’. 1-35A for 
drying procedure). 


WARNING 


The following procedure uses nitric 
acid. Contact with nitric acid golu- 
tion can cause serious injury to 
personnel or damage to equipment. 


e. Prepare a 40-50 percent, by volume, 
solution of nitric acid (Federal Specification 
O-N-350). Slowly pour acid into required 
amount of distilled or deionized water. 


eA. Obtain a cotton-tipped applicator and 
break off end containing cotton tip. Form a new 
tip on remaining portion of applicator using a 
suitable amount of Pyrex brand glass wool 
filtering fiber (Corning Glass Works). Remove 
excess fibers. 


f. Using applicator, passivate area by 
swabbing with nitric acid solution at 10-minute 
intervals for a minimum of 60 minutes. If 
necessary, provide a barrier to prevent solution 
from contacting other surface or equipment. 


g.» Thoroughly ringe passivated area with tap 
water. Rinse and discard applicator. 


h. Final-rinse area with deionized or dis-~ 
tilled water. 


i. Dry area with clean, dry cloth. 
1-69. PAINTING. 


1-70. Painted areas that have been damaged by 
handling, rework, or corrosion removal must be 
touched up to eliminate all bare or worn spots, 
as follows: 


a- Using 400-grit Carborundum paper, 
feather edges of existing finish adjacent to 
damaged areas. 


WARNING 


The following procedure uses solvent 
(Federal Specification P-D-680, Type 
1), which is flammable and must not 
be used near heat or onen flame. In- 
halation of its vapors or prolonged 
contact with the liquid can cause 
serious injury. 


b. Clean reworked and surrounding area with 
a clean cloth dampened with solvent (Federal 
Specification P-D-680, Type I). 
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WARNING 


Compressed gas must not be used 
for drying or cleaning unless ef- 
fectlye chip guarding ig used and 
personal protection equipment is 
Worn. 


c. Dry area with low-pressure (less than 
30 psig) gaseous nitrogen (MIL-P-27401) or 
clean, dry air conforming to the cleanness and 
humidity requirements of MIL-P-27401. (Refer 
to paragraph 1-35A for drying procedure), 


WARNING 


The following specifies primer 
(MIL-P-8585), which is flammable 
and must not be used near heat, 
sparks, or open iiame. It is toxic. 
Inhalation of its vapors or prolonged 
contact with the primer can cause 
serious bodily harm. in case of 
prolonged exnosure, immediately 
obtain fresh air and wash skin with 
soap and water. 


d. Within one hour after cleaning, prime 
area with a thin coat of zinc chromate primer 
(MIL-P-8585, color Y). Allow to air-dry for 
30 minutes. 


e. Apply a thin coat of nitrocellulose lacquer 
(Federal Spectfication TT-L-50). Allow to dry 
tack-free. 


f. Apply a second coat of nitrocellulose 
lacquer (Federal Specification TT-L-50) and 
blend to obtain uniform coverage and appear- 
ance. 


1-71. APPLYING LUBRICANTS, SEALANTS, 
AND COMPOUNDS. 


1-72. Lubricants, sealants, and compounds 
that are contaminated, whose shelf-life has 
expired, or whose container labela are migsing 
or unidentifiable must not be used. Clean nylon 
or polyethylene gloves must be worn where hand 
contact is made with sealing surfaces or gur- 


faces that contact operating fluids (liquid or gas). 


Parts that will be reinstalled must have the 
original lubricant, sealant, or compound re- 
moved from the part and mating surfaces before 
lubricating. Lubricants, sealants, and com- 
pounds must be applied only to the areas 
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Gesignated. All stored containers must be tightly 
capped and excess lubricant, sealants, or com- 
pounds must not be returned to the original con- 
tainer. All lubricants, sealants, and compounds 
must be free of grit, dirt, metal chips, or other 
foreign matter. The methods outlined below 
which will be referenced in the following proce- 
dures, must be used to apply lubricants, seal- 
ants, and compounds. The following definitions 
apply to these methods: 


(1) O-ring: A circular packing, gasket, or 
seal having a torus or doughnut shape. The O- 
ring crags section is usually round and has a 
small diameter relative to the inside and out- 
side diameter of the O-ring. 


(2) Seal: Any sealing device other than 
an O-ring. 


(3) Static Condition: When an installed 
part encounters no movement except for vibra~ 
tional or load forces. 


(4) Dynamic Condition: Where an installed 
part encounters planned movement, 


NOTE 


Only the lubrication methods used 
in R-3896-3, Volume I, R-38968-3, 
Volume I], and R-3896-11 are listed. 


1-73. METHOD A - APPLYING LUBRICANT 
TO STRAIGHT THREADS (STATIC CONDITION). 


a. Apply lubricant in a streak, flush with 
cutside peaks of male threads, and across all 
threads except leading edge of first thread. 
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NOTE 


The number and width of streaks vary 
with the outside diameter of threads. 


b. Where more than one application is re- 
quired, apply lubricant in equally spaced streaks 
around circumference of threads as follows: 


(1) Threads up to 1/2 inch in diameter, 
one application 1/8 to 1/4 inch wide. 


(2) Threads 1/2 to 1 inch in diameter, 
one application 3/8 inch wide. 


(3) Threads 1 te 1-3/4 inches in diameter, 
two applications 1/2 inch wide. 


(4) Threads 1-3/4 to 2-1/2 inches in 
diameter, three applications 1/2 inch wide. 


(5) Threads 2-1/2 to 3 inches in diameter, 
four applications 1/2 inch wide. 


(6) Threads over 3 inches in diameter, 
five applications 1/2 inch wide, 


c. Distribute lubricant streaks uniformly 
around threads with a clean nylon brush, Re- 
move excess lubricant. Make sure there is no 
lubricant on leading edge of first thread, in 
fitting openings, or on Mared or chamfered 
sealing surfaces, 


1-74. METHOD F - APPLYING LUBRICANT 
TO WASHERS. 


a. Apply a thin film of lubricant to both sides 
of washer. 


b, Remove excess lubricant. 


1-75. METHOD G - APPLYING LUBRICANT 
TG TUBE COUPLING NUTS. 


a. Slide coupling nut back on tube and re- 
move any existing lubricant with a clean nylon 
cloth. 


b, Apply a thin uniform fi'm of lubricant 
to exterior thrust surface of sleeve or machined 
seat as shown in figure 1-7, 
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LUBRICANT 


SLEBVE OR 
MACHINED SEAT 


COUPLING NUT 
F1-9-1-133 


Figure 1-7, Flared Tube Lubrication 


c. Remove all excess lubricant from end 
face and sealing surface of flare, to prevent 
contamination of system. 


1-76. METHOD J - APPLYING LUBRICANT 
TO O-RINGS (STATIC CONDITION), 


a. Distribute Jubricant over O-ring surface 
to form a thin, uniform film. 


b. Remove excess lubricant. 


1-77, METHOD K - APPLYING LUBRICANT 
TO O-RINGS FOR RETENTION. 


a. Distribute lubricant over O-ring surface 
to furm a thin, uniform film. Remove excess 
lubricant, 


b. Apply a volume of lubricant approximating 
10-15 percent of O-ring volume or groove 
volume en O-ring cr in groove during installa- 
tion of O-ring. 


1-78, METHOD L - APPLYING LUBRICANT 
TO O-RINGS (DYNAMIC CONDITION). 


a. Apply a thin, uniform film of lubricant 
on O-ring surface. Remove excess lubricant. 


bh. Apply a volume of lubricant approximating 
25-30 percent of O-.ing volume or groove 
volume on O-ring or in groove during Installa- 
tion of O-ring, Apply excess to dynamic sur- 
face mating with the O-ring to forma a uniform 
film. 
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c. Apply additional lubricant, if required, 
to mating surface to provide a thin, uniform 
film over the working surface. Remove excess 
lubricant from mating surface. 


1-79. METHOD M - APPLYING OIL TO 
O-RINGS (STATIC CONDITION). 


a. Apply a thin film of oil uniformly over 
O-ring surface. 


b. Remove excess oil. 


1-80. METHOD N - APPLYING OIL TO 
O-RINGS (DYNAMIC CONDITION). 


a. Dip O-ring into oil and let excess oil 
drip from O-ring. 


b, Install O-ring while it is thoroughly wet 
with oil. 


1-81. METHOD O ~ APPLYING SEALANTS 
TO FLAT SEALS (STATIC CONDITION), 


a. Apply sealant to both flat sides of seal 
until sides are thoroughly wet, 


b. Remove excess sealant globules by wiping. 


c. Allow applied sealants that contain solvents 
to air-dry for 3 to 5 minutes before installing 
part. Sealants containing solvents include gas- 
ket sealant RBO120-034 (Rocketdyne) and all 
Permatex (Permatex Ca) sealants. 


1-82. METHOD Q - APPLYING SEALING 
COMPOUNDS TO CHEVRON SEALS. 


a. Apply sealing compound to both sides of 
snal until surfaces are thoroughly wet. 
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b. Work sealing compound into areas between 
spirals. 


c. Remove excess sealing compotnd from 
inner and outer diameters of seal, 


d, Remove sealing compound from groove 
of inner diameter of seal. 


1-83. METHOD R - APPLYING LUBRICANTS 
TO METAL BOSS SEALS. 


a. Apply lubricant with a clean lint-free 
application to both sides of seal. 


b. Remove excess lubricant until a thin, uni- 
form film remains on sides of sea]. Make sure 
that no lubricant is on inner diameter of seal. 


1-84. METHOD T ~ APPLYING SEALANT AND 
ANTIZEIZE DISPERSION TO GASKETS, SEALS. 
AND WASHERS. 


a. Mix sealant and antiseize dispersion 
RBG120-017 (Rocketdyne) by following instruc - 
tions packaged with kit. Date mixture. 


CAUTION 


Dispersion may be used up to 60 

days after mixing. A preparation 
that has not been dated or is more 
than 60 days old must not be used. 


b. Shake container to completely disperse 
particles and using a clean nylon brush. apply 
dispersion to sealing surfaces of part. Allow 
dispersion to dry for 5 to 7 minutes. 


ce. Apply a second coat of dispersion and 
install part while dispersion is still damp. 
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1-85. METHOD V - APPLYING LUBRICATING 
POWDER. Parts that have been special-cleaned 
need not be recleaned ag outlined in this proce- 
dure. Solled parta must be cleaned and lubri- 
cated as follows: 


WARNING 


The following procedure uses 
acetone (Federal Specification 
Q-A-51), which is flammable 
and must not be used near heat, 
sparks, or open flame. Inhala- 
tion of its vapors or prolonged 
contact with the liquid can cause 
serious injury, 


a, Clean all-metal parts with acetone 
(Federal Specification O-A-51), Dry parts 
J as outlined in paragraph 1-35A, 


b, Clean and dry nonmetal parts in mild 
alkaline cleaner as outlined in paragraph 1-41, 
: c. Using a clean nylon cloth, rub powdered 
lubricant on surface until a film of uniform 
luster appears on all surfaces to be lubricated, 


NOTE 
Pressure-sensitive tape RB019&-002 
(Rocketdyne) may be used fo. masking, 
if required, 


d. Remove loose or caked powde', 


e. Rub part with a clean, nyloneloth, The 
finished film must still appear after 1ubbing. 


1-86, METHOD W - APPLYING LUBRICANT 
TO PLAIN BEARING SURFACES. 


a. Apply lubricant to part during installa- 
tion or pack clearance volume during as.zembly. 
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b. Remove excess lubricant by wiping. 


1-87, METHOD Y - APPLYING LUBRICANTS 
TO BALL, ROLLER, AND NEEDLE BEARINGS. 


a. Coat races and bearings with lubricant. 


b. Hand-pack approximately 1/3 of clearance 
volume with lubricant during assembly. 


1-88, METHOD Z - APPLYING LUBRICANTS 
TO METAL SLIDING SURFACES, 


a. Apply a uniform coat of lubricant to 
mating parts. 


b. Assemble parts and remove excess lubri- 
cant. Make sure that lubricant does not enter 
vent, pilot, or bleed openings. 


1-89 through 1-92A, (Deleted) 


1-93, ENGINE SEALS, 


1-94. During maintenance and repair, all 
seals except seal plates and K-seals used on seal 
monitoring port plugs, must be replaced by 
parts with the same part number. For K-seal 
usability refer to paragraph 1-97. Pressure- 
actuated (Naflex) seals and seal plates must be 
handled as outlined in paragraphs 1-95 and 
1-96. When it becomes necessary to replace 
an orifice with in-place seals, the replacement 
must bear the same part number and have the 
same orifice diameter, The reptacement for 
an engine variable orifice must meet the clean- 
ing requirements of paragraph 1-137. 
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1-95, PRESSURE-ACTUATED (NAFLEX) 
SEALS, A new seal must be installed whenever 
a joint is opened. Handle Teflon-coated and 
metallic-plated Naflex seals as follows: 


CAUTION 


Naflex seals are to he handied with 
extreme caution. Sliding a seai out 
of a partially opened package can 
damage its sealing surface. The 
touch of a fingernail on the sealing 
surface of a Teflon-coated Naflex 
seal can destroy its sealing capa- 
bility. 


a. Completely open package and remove seal 
just before installation only. 


b. Handle seal by outside diameter only. 


c. Do not slide seal across any surface. 


d. Before installing seal, visually inspect 
flange sealing surfaces that seal will contact 
to determine that foreign particles, nicks, and 
scratches are not present. Machining marks 
on flanges are acceptable. 


e. Visually inspect the following areas of 
copper-plated and silver-plated seals. The 
presence of any of the conditions Hsted for 
each area, as observed with the unaided eye, 
is justification for rejection of the seal. 


(1) Primary sealing surface: Ceratches, 
dents, pinholes, blisters, pits, nodules, lack 
of adhesion, oxidation as indicated by green 
discoloration on copper-plated seals, or other 
obvious defects. 


(2) Secondary sealing surface: Pinholes, 
blisters, or nodules exceeding 0.020 inch in 
diameter; more than 6 pinholes, hilsters, or 
nodules on a side for each measured inch of 
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inaide diameter of seal; 2 pinholes, blisters or 
nodules closer than 0, 080 inch to each other; 
pinholes, blisters, scratches, or nodules form- 
irg a radial leakage path; more than 2 scratches 
extending less than halfway across a sealing 
surface; or a scratch extending more than 
halfway across a sealing surface. 


eA. Visually inspect the following areas of 
Teflon-coated seals. The presence of any of 
the conditions listed in substeps 1 and 2 are 
justification for rejection of the seal if detected 
with the unaided eye. The presence of any of 
the conditions listea in substep 3 are justifi- 
cation for rejection of the seal if detected with 
magnification not exceeding 4 diameters. 


(1) Primary sealing surface: Variations 
in surface roughness, particle entrapment in 
coating, mud cracks, craters, pinholes, sags, 
runs, bubbles, blisters, peeling, shredding, 
tears, grooves, or ridges in coating. 


(2) Secondary sealing surface: Pinholes 
or depressions exceeding 0. 030 inch in diameter; 
2 pinholes or depressicns closer than 0,030 inch 
to each other; more than 2 pinholes or depres- 
sions ona side for each measured inch of the 
inside diameter of the seal; pinholes or depres- 
sions clustered in more than groups of 4; pin- 
holes, scratches, or depressions forming a 
radial leakage path; more than 2 scratches ex- 
tending less than halfway across a sealing sur- 
face; or a scratch extending more than half- 
way across a sealing surface, 


(3) Electroless nickel-plated surfaces: 
Bliste.s, cracks, pitting, or other surface 
defects. 


f. When positioning seal ona flange, hold 
seal-flange movement to a minimum. 


g. When installing seals between boited 
flanges, carefully place seal between flanges; 
then install 2 opposite bolts and tighten just 
enough to close joint. Install remaining bolts, 
and tighten all bolts to required torque using 
cross-torquing method outlined in paragraph 
1-115. 
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h. Take extreme care when removing seals 
from engine, since seals may be reprocessed 
to a like-new condition. 


i. Package and return all seals for refur- 
bishment through normal supply channels. 


j. Store seals in a safe place to prevent 
damage and contamination. 


1-96. SEAL PLATES. Seai plates that contain 
molded rubber seals must be handled with care 
to protect the sealing surfaces from damage. 
Any damage to the sealing surfaces can destroy 
the sealing capability and cause the seal to be 
rejected. Seal plates are reusable if they are 
visually inspected to determine that no damage 
exists. Handle seal plates as follows: 


a. Open flanged joints far enough to allow 
seal plate to be removed without scraping 
flange surfaces. 


WARNING 


Cleaning compound (MIL-C-81302) 
is volatile. Use in a well-ventilated 
area, since the vapors displace the 
oxygen in the air, resulting in suffo- 
cation. 


b. Clean seal plate with a clean cloth mois- 
tened with cleaning compound (MIL-C-81302). 


ec. Inspect sealing surfaces for nicks, 
scratches, and other imperfections that can 
impair sealing capability. 


d. If a seal plate is considered acceptable 
for reuse, package it in a clean polyethylene 
bag until ready for installation. 


NOTE 


When a seal plate is removed from 
an engine, the molded rubber seal 
may have a set (flattened rubber 
sal), Seal plates with this condi- 
tion may be reused if the rubber 
seal extends above the surrounding 
metal surface and no damuge (nicks, 
scratches, or other imperfections) 
that would affect sealing capability 
is present. Normally within 24 
hours and depending on conditions of 
material and time, the molded rubber 
soal will return to near original con- 
figuration (0.015 inch to Q. 020 inch 
above the metal surface). 


1-30 Change No. 7 - 24 March 1972 


R-3896-3 
Volume I 


e. Prior to installing seal plate, visually 
inspect flange, spacer, and other component 
sealing surfaces that seal will contact to deter- 
mine that foreign particles, nicks, and scratches 
are not present. Machining marks on flanges 
are acceptable. 


f. Inspect reusable or new seal plate sealing 
surfaces for nicks, scratches, and other imper- 
fections that can impair sealing capability. 


g. Open flanged joint far enough to allow seal 
plate to be installed without scraping flange and 
seal surfaces. 


1-97. K-SEALS. A new K-seal must be in- 
stalled whenever a K-seal joint, except for seal 
monitoring port plugs, is loosened or opened 
after the K-seal is torqued using the following 
method. Torque fittings using K~-seals to torque 
value specified in the detail procedure. To 
obtain optimum even seating of the K-seal, the 
fitting may be backed off one fuil turn (one time 
only); then retorqued to the torque value 
specified in the detail procedure. The 
RE261-3004-XXXX-series K-seals are inter- 
changeable with 12100AA and 12100CR K-seals 
of equivalent dash number, size, andtype. The 
disposition of seal monitoring port K-seals may 
be? determined as follows: 


a. If radial scratches are visually detectable 
(without magnification) on leg and flat-face sur- 
faces, replace seal. 


b. If damage, such as nicks or dents on any 
part of seal is obvious, replace seal. 


c. If irregular coating or plating is removed 
from flat face as a result of peeling or flaking, 
replace seal. 


d. Scratches with no apparent depth are 
acceptable. 


e. Circular contact marks resulting from 
normal installation wear are acceptable. 


{. All seals are to be checked for possible 
contamination and cleaned as cutlined in para- 
graph 1-34, if necessary, prior to reinstalla- 
tion. 
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1-98. AGE CONTROL OF SYNTHETIC 


Component 
RUBBER PARTS, 


\ ve Thrust OK pres- 


a 


v/Engine control 


valve 


1-99. Age control of synthetic rubber parts \ sure switch 
and assemblies containing synthetic rubber 
parts begins the date the raw materials are 

cured and governs the sheif life, installed life, 

acceptable life, and replacement date. The 

allowable ages of controlled parts are in ‘ 

quarters of years. Parts are considered one 

quaxter old at the end of the first full quarter / Checkout valve 
aiter curing or installation, as applicable. In- { 

stallation date markings on parts show the { 

quarter of the year, the letter Q, and the last ' 

two numerals of the year. For example, 2Q67 : 

indicates that the item was installed the second 

quarter of the year 1967. Refer to R-3896-11 

for verification and documentation of e1gine- 

installed synthetic rubber parts, Definitions 
of terms used for age-controlled items are us 
follows; 


/ Posr-way 
a. Cure date: The date the basic raw mate~- solennid valve 
rial is cured by the manufacturer. ’ 


/ 
ae valve 
position trans- 
ducer. -txidizer 
valve position 
transducer, and 
gas generator 
ball valve rosi- 
tton switch 


b. Shelf life: The period of time the item is 
stored from cure date to installation/assembly 
date or to expiration of the acceptable shelf life. 


c. Installation date: The date the item ts 
removed from its protective package for instal- 
lation. 


d. Installed life: That period of time from 
installation date to replacement date. Volumetric 
liquid oxygen 
transducer 
(oxidizer flow- 


meter) 


e. Replacement date: The date the installed , 
life expires. , 


f. Acceptable life: The maximum is 12 quar- 
ters for shelf life and as specified in R-3896-11 
for installed life. 


Temperature 
transducers 


' 


1-994. COMPONENT PREINSTALLATION 
TEST REQUIREMENTS. | 


1-998. Selected F~1 engine components require | 
additional testing as outlined in R-3896-3, 
Volume Ii before installing a replacement 
component on engine. Test requirements are 
as follows: 


Pressure 


( transducers 
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Test Requirements 


(1) Perform insulation resist- 
ance test, leak test, and 
function test within 6 months. 


(2) Perform actuation and 
deactuation test within one 
week, 


Pertorm outiet No: 1 seal 
reverse leak test, reverse 
flow and reseat test, timing 
test, leak test, and poppet 
leak test within 6 morths. 


Perform surface wetting leak 
test, external leak test, and 
check valve seat leak test 
within 12 months. 


Perform surface wetting lez 
test and external leak test 
within 12 months, 


Perform open and closed 
position switch continuit; 
verification test within one 
week, 


Perform coil continuity test 
within one week. 


(1) Perform insulation resist- 
ance test on oxidizer pump 
bearing temperature trans- 
ducer within one week. 


(2) Perform resistance test 
on all temperature transducers’ 
within one week. 


Perform function test within 
one week, 


1-30A/1-30B 
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Compunent Test Requirements 
Flight tiastru- Perrerm insulation resist- 
mentation junction ance test and continuity 
hox test within one week. 


Electrical Perform insulation resist- 


harnesses and ance test and continuity 
cables test within one week. 
1-100. Q SULEXIDLE 1 UBING 


INSTALLATION REQUIREMENTS. 


a+101. “gid and flexible tubing must be routed 
and supported as outlined in detailed installation 
procedures and meet the requirements of para- 

graphs 1-102 t) rough 1-108, 


1-102. RIGID TURING INSTALLA.ION, 


4-193, Place the tubing (line) in position 
loosely supported oy clamps and blocks. The 
Hne or tubing .nust be able to float in clamps 
and blocks without restraint. Aline both flared 
ends with the sealing surfaces of the fittings. 


Tighten coupling nuts with fingers to seat flares. 


Hold fittings with wrench and torque coupling 
nuts. Jighten line clamps and blocks after 
tube or line ig secured at both ends. 


1-104. RIGID TUBING SUPPORT. Clamps and 
line blocks must be pusitioned to meet the 
maximiun: allowable distance between supports, 
as applicable for tubing (line) size. Recom- 
mended maximum spacing in inches between 
line supports is as follows: 


a. 1/4 to 3/8 inch cutside diameter lines, 
18 inches maximum spacing 


b. 1/2 to 3/4 inch outside diameter lines, 
25-1/2 inches maximum spacing 


c. One inch and larger outside diameter 
lines, 30 inches maximum spacing 
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1-105. RIGID TUBING CLEARANCE. When 
either of two parts is designed for dynamic 
motion (independe ‘ uf vibration) 1/2-ineh 
clearance must be matatained between the tubing 
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and the adjacent part. Lines or tubing under 1-109. INSTALLING THREADED FASTENERS, 


static conditions must have a minimum of 1/8- 
inch clearance between the Hne er tubing and 
any adjacent part except as specified in detailed 
installation procedure or inthe followin, areas: 


a. Between the turbopump insulation and the 
transducer clamp at tap LB1b, 0.060 inch 
minimum allowable clearance 


b. Between the propellant valves open tube 
and the propellant valves close tube, adjacent 
to No. 1 oxidizer valve, 0.030 inch minimum 
allowable clearance 


ec. Between No, i oxidizer valye dome purge 
tube tee and fuel inlet manifold, 0.060 inch 
minimum allowable ciearance 


d. Between fuel inlet seal drain tubes and 
turbine manifold clevis cover, 0.015 inch 
minimum allowable clearance. 


1-106, FLEXIBLE HOSE INSTALLATION 
REQUIREMENTS, 


1-107, Flexible hoses must be supported and 
protected during installation from flexing be-~- 
yond the minimum bend radii used in final 
installation. The following general require- 
ments are applicable: 


a. Hoses are not to be stretched between end 
fittings; allow 5 percent of hose lengthfor slack. 


b. Route and support hose to provide a mint- 
mum of 1/2-inch clearance between hose and 
adjacent parts. 

c. Avoid sharp bends (1-1/2-inch minimum 
installed radii), distortion, or excessive strain 
at hose ends or supports. 


1-108, FLEXIBLE HOSE INSTALLATION, 
Flexible hoses with flared ends must not he 
twisted (torsionally deflected) during installa- 
tion. 


a. Position clamps and supports to provide 
hose clearance, routing, and Inose support 
during installation. 


b. Place hose in clamp and aline; hand- 
tighten coupling nut at one end. Hold fitting 
with a wrench and torque hose ec apling nut, 


c. Make sure that hose is not twisted, is 
free from binds or restraints, and floats in 
clamps and supports. 


d, Wand-tighten coupling nut on opposite end 
of hose, Wold fitting with a wrench and torque 
coupling nut. 

e, Check hose for installed twist and sharp 
bends. Tighten clamps and supports. 
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1-110. During maintenance and repair, the in- 
stallation of threaded fasteners is governed by 
the following gencrai requirements: 


a, Structural bolts or screws one dash num- 
ber above that called out may be used to join 
pressurized or load-carrying components pro- 
vided that the thickness of the joint thinner flange 
at the bolthole locetionis 0,125 inch or greater. 


b, For structural joints (load carrying or 
pressurized), additional washers of the same 
callout may be added up .o a total added thick- 
ness of 10 percent of the thinner flange, at the 
bolthole location. 


c. Deviation of bolt-length dash numbers and 
the number of washers used in steps a and b is 
not permitted for bolts and screws used with 
screw thread inserts. 


d. For nonstructural applications, bolts or 
screws three dash numbers above or below 
those called out may be used if there is full 
thread engagement and no interference occurs. 


e. Single washers, except countersunk 
washers. are installed at the nut end; however, 
when more than one is specified, the washers 
must be evenly divided between the head and 
nut endg of the bolt. 


f. There must be no threads in bearing in 
any part of a joint where the bolts or screws 
transmit a shear lead, except one or two 
threads may be in bearing when the material 
next to the nul meets the minimum *hickness 
requireiments. Parts having relative movement 
at the faytener must not have threads in bearing. 


g. Bolts used with self-locking nuts or in- 
serts must not have cotter pin holes in the 
threaded shank, 


h. Threaded parts must not be lubricated 
unless all of the followinz conditions preyail: 


(1) Both parts are bare, corrosion- 
resistant steel. 


(2) A lubricant for the service encountered 
{s specified. 


(3) A specific torque value is given. 


i. Torquing of fasteners is performed by 
applying specified torque to the fastener. Fas- 
{tener groups utilize the crogs-torque method 
outlined in paragraph 1-116. 


j. When a fastener is installed in a nut (ex- 
cept castellated nuts), at least one full thread 
must protrude through the top of the nut, Fus- 
teners installed in inserté must penetrate the 
full length of the perfect threads of the insert. 
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i-111. REPAIRING ‘THREADS, Threads may 
be repaired if the total damage to the threads 
clogs not exceed 50 percent of one thread, 
Threads that are considered repairable must be 
repaired with the proper size tap or die. Re- 
place parts whenever total thread damage ex- 
ceeds 50 percent of one thread. 


1-112, INSTALLING COUNTERSUNK HIGH- 
STRENGTH AND HIGH-BEARING WASHERS, 
Whenever countersunk washers 
RD153-5003- XX XX or MS20002 are required, 
the washer countersunk side must be installed 
adjacent to the bolt fillet radii. Figure 1-8 
shows a high-tensile-strength bolt and nut in- 
stallation using countersunk, high-bearing 
washers. 


INSTAL &b WASHER WEFH 
CHAMBER SIDE POWATID 
ROL HEADS———- 


INSTALL WASHER WITE 
OD CHAMFEER TOWARD 


section A-A 


FE-3 1 10 


A aera 


Figure 1.-8. Installing Countersunk High- 
Strength and High-Bearing Washers 
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1-113. TORQUING. 


1-114. Torque is a twisting force used to apnly 
tension to fasteners. Proper torque produces 
sufficient tension in tube fittings to create a tight 
seal while staying below the e astic limits of the 
part. To achieve proper tension by torque 
measurement, the parts must be clean, and when 
required, lubricated correctly, or false torque 
readings will result. The torque values calied 
out in procedures in other sections of this man- 
ual are design requirements that result in max- 
imum strength and sealing characteristics in 

the parts. 


1-115. USING TORQUE WRENCH. Torque 
wrenches are precision tools and must not be 
subjected to abuse or misuse. The use of an 
extension (figure 1-9) on a torque wrench wil) 
result in greater torque application than indica- 
ted on the dial. To obtain correct torque 
readings, the following steps must be strictly 
adhered to: 


a. All torque wrenches must meet the cali- 
bration requirements of Federel Specification 
GGG-W-00686, to compens.te for wear. Do not 
use torque wrenches after the void date shown 
on each wrench, and never keep them in tool 
hoxes or line supply cabinets. 


b, Select the correct torque wrench so that 
wrench will be operated in its upper range 
(20-100 percent). 


NOTE 


When a torque wrench is calibrated 

to Federal Specification GGG-W-00686, 
it is not necessary to compensate for 
calibration tolerances when applying 
torque values specified in the manual. 


c. Take torque readings only while tightening 
the fastener, Do not overtighten and then loosen 
to the desired torque value. 


d. Never jerk torque wrench. Apply force 
slowly and at 90 deprees to torque wrench handle 
for an accurate indication of torque being ap- 
plied to fastener. 


e. Do not attempt to use torque wrench to 
tighten fastener to a higher value than maximum 
value shown on torque wrench indicator, 


f. Sockets must be installed fully on the nut 
or bolt. Maintain a slight inload on tiie tool to 
lessen the changes of damage to the fastener. 
1-116, FASTENER CROSS-TORQUE METHOD. 
The cross-torquing mether shown in figure 1-10 
must be used for mullibolt applications of bolted 
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When using an extension adapter ona torque ‘«reneh the actual torque value applied may be widely different Crom the Indic ited 
torque value and may be above or belo. the altasable tolerance unless (he proper conversion is ueed. When Wie adapter is used 
at rycht angler to tie torque wrench centerline, dimensions A and are equal the cupversion fictur Is 1.00, and the indirated 
and applicd ¢ ree values are the same. When the adapter is attached to the torque wrench to eHectively lemthen or shorten dic 
manent of applied force the B dimension chamses, and the Indicated tarque value snust be converted ty wake sure that the proper 
torque talue is applied as follosys: 
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$ Mulhiply vequirec traque value Gapptiad ty canterston fietor te obtart Ga que retin’ Udi ihed) tee) must be used vat 
daplot on wrench Fat oxample 
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adapter were imstabledion Qe totque wponeh bens ether posttea. daecrision A wed be 


Afferent asda ic re it were reads would apply 
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Figure 1-9. Recomputing Torque Values 


flanges or joints to apply evenly distributed axial 
loads to seals and gaskets. Torque must be 
applied in increments of one-third of the total 
torque to be applied, in the pattern shown in 
figure 1-10), until all fasteners are evenly 
torqued to the desired torque value, 


1-117. SAFETYWIRING, 


1-118. Safetywiring is the securing together of 
two or more purts with a wire that is installed 
in such a manner that the lockwire will oe put 
in tension on at least one side of the bolt or 
screw head when the part tends to loosen. 


1-119. SAFETYWIRING METHODS, The lock- 
wire must be as short as possible and attached 
in the mos? direct manner” A pigtail of 1/4 to 
1,2 inch (3-6 twists) must be made at the end 
of the wiring and bent back or under ina direc- 
tion that increases tension to prevent it from 
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becoming a cnag. When installation of an 
aluminum seal is specified in detail procedures, 
use seal RN199-0001-0001 on the lockwire 
pigtail. Damage to sea: anodizing cue to instal- 
lation, assembly, or marking is permissible, 
The lockwire must pass around the fastener 
head; however, on MS8S-lype, inter sai-wi enching, 
taper-head bolts the wire must pass over the 
head, and on 12-point, external-wrenching- 
head bolts the wire or wires must pass through 
the head. The single-wire method may be used 
for small screws ina closely spaced, closed 
geometrical pattern, or on parts in clecirical 
systems and in places that are difficull to reach. 
The double-twist method of safetywiring is 
normally used for most fasteners. When gafety- 
wiring widely spaced (aiaximum spacing is 6 
inches) multiple groups by the double-iwist 
methad, three uals is the maximum number in- 
series. When safetywiring closely spaced multi- 
ple groups, the number of units that can be 
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Figure 1-10. Fastener Cross-Torquing Method 


safetywired by a 24-inch length of wire ig the 
maximum nurnber in serles, Aay lockwire 
avplication that complies with Military Standard 
MS33540 and meets maximum number in series. 
Any lockwire application that complies with 
Military Standard MS33540 and meet the require- 
ments of paragraphs 1-118 and 1-119 is accep- 
table. Typical safetywiring methods are shown 
in figure 1-11. Caution must be used during the 
twisting operation to keep the wire tight with- 
out overstressing. Abrasions caused by com- 
merically available wire-twisting pliers are 
acceptable, but nicks, kinks, and other 
mutilations caused by improper tooling aid 
wiring techniques are not acceptable. Lockwire 
must be installed only one time; destroy wire if 
removed for any reason. Parts having lock- 
wire holes must be lockwired unless otherwise 
specified in applicable procedure. Inall cases, 
wiring must be done through the holes provided. 
In the event that no wire hole is provided, wiring 
must be to a convenient neighboring part ina 
manner so a¢6 not to interfere with the function 
of the part, Inconel lockwire MS20995N is used 
for saletywiring when specified in detailed in- 
stallation and assembly procedures, and the 
following items are tel ed for lockwire: 


(1) Bolts and screws (drilled heads and 
not secured with nuts) 
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(2) Nuts 
(3) Electrical connectors 
(4) Tubing coupling nuts 


1-120. REMOVING AND INS'VALLING ‘LHREAD 
INSERTS, HI-LOK FASTENERS, ANI) BLIND 
a ai a Ae ea a 


+ 
ret ae 


1-121. These procedures provide data for re- 
moving and installing thread inserts and studs, 
Hi-Lok fasteners, and blind nuts, Keenserts 
inserts and studs and Heli-Coil inserts may be 
removed and replaced if damaged. The same- 
size replacement insert is installed in the un- 
damaged, originally tapped hole. (Refer to 
R-3896-¢ for correct part numbers of inserts 
and fasteners. ) 


1-122. RISMOVING KEENSERTS INSERTS 
AND STUDS. (Gee figure 1-12.) 


a. Remove insert by drilling to diameler 
and depth indicated in Removal Data column 
of figure 1-13. 


b. Bend exposed portion of kees inward and 
break off. 


c. Drive in extractor tool, and back out 
insert. 


d. Remove stud by cutting off stud just above 
parent metal, exposing internal pilot hole in 
stud. 


e. Drill out pilot hole to diameter ar? depth 
indicated in Removal Data column of figure 1-14, 


f, Bend exposed portion of kees inward and 
break off. 


g. Drive in extractor tool, and back out 
siud. 


NOTE 
Chrome molybdenum studs, identi- 
fied by two parallel marks on top, 


that are under 1/4 inch in dian.eter 
do not have pllot holes, 
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CASTELLATED TAPERED HEAD 


HOLIOW HEAD HEX HEAD SCREW HEAD SINGLE -WIRE 
PLUG METHOD 


Figure 1-11. Safetywiring Methods 


1-123. INSTALLING KEENSERTS INSERTS '  f. Lift and turn installing tool so slots clear 
AND STUDS. (See figure 1-12.) kees. Drive in kees using a hammer or an 
arbor presa and installing tool. 
a. Select correct replacement insert using 


R-3896-4. See tipure 1-13 for tap size and g. (Deleted) 
installing tool required for insert selected. 
Comply with step g, if applicable. NOTE 
hb. If necessary, chase threads to remove Keenserts studs are installed by 
burs. the saine method as Keengerts 
ingerts, except that the installing 
c. Clean tapped hole to remove all chips. tool hag an internal pilot hole to 
fit over the stud. (See figure 
d, Install insert by turning with fingers, or 1-14.) 


fit kees into tool slots and turn tool. 
e. Install insert to a depth of 0.010 to 0.030 


inch below surface of parent metal. Aline in- 
sert kees with original slots in parent metal. 
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Figure 1-12. Removing and Installing Keenserts Inserts and Studs 


1-37 


Section I R-3896-3 
Volume I 


LIGHTWEIGHT INSERTS 


Installation Data 


Tap (UNC--2B) Removal Data 


Insert . 
Number Min Drill Drill 
(Internal Depth Tool Size Depth 

Thread) NAS Number (Inch) Number (Inch) (Inch) 


KN 0882 | NAS1394C~08 1/4-20 0.31 } T 0832 1/8 

KN 1032 | NAS1394C-3 6/16-18 v.37 | T 1032 5/32 
KN 1024 6/16-18 0.37 | T 1024 5/32 
KN 428 NAS1394C-4 3/8-16 0.43 | T 428 3/16 
KN 420 3/8-16 0.43 | T 420 3/16 
KN 524 NAS1394C-5 1/16-14 0.50 | T 524 3/16 
KN 518 7/18-14 0.50 | T 518 3/16 
KN 624 NAS1394C-G 1/2-13 0.56 | T 624 3/16 
KN 616 1/2-13 6.56 | T 616 3/16 
KN 720 NAS1394-7 9/16-12 0.62 | T 720 3/16 
KN 714 9/16~12 0, 62 T 714 3/18 
KN 820 NAS1394C--8 5/8-11 0.68 | T 820 3/16 
KN 813 5/8-11 0.88 | T 813 3/16 


LIGHTWEIGHT LOCKING INSERTS 


KNL 0832 | NAS1394C-08L 1/4-20 
KNL 1032 | NAS1394C-3L 5/16-18 
KNI. 1024 5/1618 


KNL 428 NAS1394C-4L 3/8-16 
KNL 420 3/8-16 
KNL 524 NAS1394C-5L 5/16-14 


KNL 518 7/16-14 
KNL 624 NAS1394C-6L 1/2-13 
KNL 616 1/2-13 


KNIL 720 NAS1394C-7L 
KNL 714 
KN 820 


KNL 813 


9/16-12 
9,'16-12 
5/811 
5/811 


NAS1394C-8L 


hh SES iS Oeste eS? AAPA 
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HEAVY-DUTY INSERTS 


Insert 

Numer 

(Internal 

Thread) NAS Number 
KNH 0440 NAS1395C -04 
KNH 0632 NAS1395C-06 
KNH 0832 NAS1395C-08 
KNH 1032 NAS1395C-3 
KNH 1024 
KNH 428 NAS1395C-4 
KNH 420 
KNH 524 NAS1395C-5 
KNH 518 
KNH 624 NAS1395C-6 
KNH 616 
KNH 720 NAS1395C~-7 
KNH 714 
KNH 820 NAS1395C-8 
KNH 813 
KNH 918 NAS1395C-9 
KNH 912 
KNI{ 1018 NAS1395C-10 
KNH 1011 
KNH 1216 
KNH 1210 
KNH 1414 
KNH 1409 
KNH 1612 
KNH 1608 
KNHL 0440 NAS1395C-041L 
KNHL 0632 NAS1395C-06L 
KNHL 0832 NAS13¥5C-O8L. 
KNHL 1032 NAS1395C-3L 
KNHL 1024 
KNHL 428 NAS1395C-4L 
KNHL 420 
KNHIL 524 NAS1395C +5), 
KNHI, 518 


Installation Data 


Section [ 


Tap (UNC-2B) 


Min 

Depth 

(Inch) 

12-24 0.31 
1/4-20 0.31 
5/16-18 0.37 
3/8-16 0.37 
7/16 -14 0. 43 
1/2-13 0. 50 
9/16-12 0. 56 
5/8-11 0.68 
11/16-11 0.75 

(NS) 

13/16-16 0.94 
7/8-14 1.90 
1-1/8-12 1.31 
1-1/4-12 1. 44 
4 -3/8-12 1.56 


Tool 
Number 
TH 0440 
TH 0632 
TH 0832 


TH 1032 
TH 1024 


TH 428 
TH 426 


TH 524 
TH 518 


TH 624 
TH 616 
TH 720 
TH 714 


TH 820 
TH 813 
TH 918 
TH 912 


TH 1018 
TH 1011 


TH 1216 
TH 1210 


TH 14.4 
TH 1909 
TH 1612 
‘TH 1608 


TH 0440L 
TH 0632L 
TH 0832L 


TH 1032L 
TH 1024L 


TH 428L 


TH 420L 


TH 5241, 
TH 518. 


ame Leth ttn 


Removal Data 


Drill 


Drill 
Size Depth 
{Inch) (Inch) 
5/32 1/8 
3/16 1/8 
7/16 1/8 
9/32 1/8 
11/32 3/16 
13/32 3/16 
15/32 3/16 
17/32 3/16 
19/32 3/16 
23/32 3/16 
25/32 3/16 
31/32 5/16 
1-3/32 5/16 
1-7/32 5/16 
1/8 
1/8 
1/8 
1/2 
3/16 
3/16 


Figure 1-13. Keenserts insert Removal and Installation Data (Sheet 2 of 3) 
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Insert 
Number 
(Internal 
Thread) 


KNHL 624 
KNHL 616 


KNHL 720 
KNHL 714 


KNHL 820 
KNHL 813 


KNHL 918 
KNHL 912 


KNHL 1018 
KNHL 1011 


KNHL 1216 
KNHL 1210 


KNHL 1414 
KNHL 1409 


KNHL 1612 
KNHL 1608 


HEAVY-DUTY LOCKING INSERTS (continued) 


NAS Number 
NASi395C-6L 


NAS1395C-7L 


NAS1395C-8L 


NAS1395C-9L 


NAS1395C-10L 
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Installation Data 


Tap (UNC~2B) Removil Data 


Min Drill Drill 
Depth Tooi Size Depth 
Size (Inch) Number (Inch) (Inch) 
9/1612 0. 56 TH 624L 15/32 3/16 
TH 616L 
5/8-11 0. 68 TH 720L 17/32 3/16 
TH 714L 
11/16-11 0.75 TH 820L 19/32 3/16 
(NS) TH 813L 
13/16-11 0.94 TH 918L 23/32 3/16 
TH 912L 
7/8-14 1.00 TH 1018L | 25/32 3/16 
TH 1011L 
1-1/8-12 1,44 TH 1216L | 31/32 5/16 
TH 12101, 
1-1/4-12 1, 56 TH 1414L | 1-8/82 5/16 
TH 1409L, 
1-3/8-12 1.68 TH 1612L { 1-7/32 5/16 
TH 1608L 


Figure 1-13. Keenserts Insert Removal and Installation Data (Sheet 3 of 3) 


Stud 
Number 
(Nut End 
Thread) 


KNHS 0832(NL)(a) 


5/16-18 


HEAVY-DUTY STUDS 


Installation Data 
Tap ‘UN-2B) 


Removal Data 


Min Drill Drill 
Depth Tool Size 
(Inch) Number (Inch) 


THS 08 


(a) NL = Nut-end Tength In 1/16-inch inerements, 


1-40 


KNH8 1032(NL) 
KNHS 1024(NL) 


KNHS 428(NL) 
KNHS 420(NL) 


KNHS 524{NL) 
KNHS 518(NL) 


KNHS 624(NL) 
KNHS 616(NL) 


KNHS 720(NL) 
KNHS 714(NL) 


KNHS 820{N1L) 
KNHS 813(NL) 


3/816 
7/16-14 


1/2-18 


9/16-12 


5/8-11 


11/16-11 
(48) 


Figure 1-14, Keenserts Stud Removal and Installation Data (Shee! 1 of 2) 
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THS 010 1/8 

THS 4 3/16 
THS 5 3/16 
THS 6 3/16 
THS 7 3/16 
THS @ 3/16 


R-389e-3 

Volume I 
HEAVY-DUTY STULS (continued) 
Installation Data 
Tap (UN~2B) 


Stud 
Number 
(Nut End 
Thread) 

KNHS 918(NL) 
KNHS 912(NL) 
KNHS 1018(NL) 
KNHS 1011(NL) 
KNHS 1216(NL) 
KNHS 1210(NL) 


KNHS 1414(NL) 
KNHS 1409(NL) 


KNHS 1612(NL) 
KNHS 1608(NL) 


13/16-16 


7/8-14 
1-1/3-12 
1-1/4-12 


1-3/8-12 


Section | 
Paragraphs 1-124 to 1-125 


Removal Data 


Drill 
Tool Depth 
Number _ neh) 
THS 9 23/32 3/16 
THS 10 25/32 3/16 
‘THS 12 31/32 5/16 
THS 14 1-3/32 5/16 
THS 16 1-7/32 5/16 


Figure 1-14. Keenserts Stud Removal and Installation Data ‘Sheet 2 of 2) 


1-124, REMOVING HELI-COIL INSERTS. Re- 
move an improperly installed or damaged insert 
as follows: 


a, From figure 1-15, select extracting tool 
for insert to he removed. 


b. Place extracting tool blade into first turn 
of insert so that one side of blade is 45-90 
degrees from end of top coil of insert. 


c, Strike top of tool with hammer so that 
edge of blade imbeds, gripping insert. 


d. Apply heavy hand pressure on tool, simul- 
taneously rotating tool counterclockwise until 
insert is removed, 


1-125, INSTALLING HELI-COIL INSERTS, 
Two types of inserts, plain nonbolt-locking and 
midgrip bolt-locking. are used on the engine. 
For identification, the midgrip insert is ayed 
red and has a specially formed, polygonal grip 
coil located in the approximate center of the 
insert. The Commercial, Military Standards, 
and New Coordinated Military Standards are 
listed in figure 1-16 for reference. Install 
new inserts as follows: 


a. Select correct replacement insert using 
R-3896-4 and figure !-16, Comply with steps 
j andk, if applicable, 

b, Obtain Heli-Coil STI tap, inserting tool, 


and tang break-off too] indicated for insert in 
figure 1-15, 


c. If necessary, chase threads in tapped 
hole to remove burs, 


d. Clean tapped nole to remove all chips, 
Gage threads of tappec hole with working gage 
indicated in figure 1-15, 


e. Pull back handle, retracting inserting 
tool (prewinder tool) mandrel, Place insery in 
chamber of tool with tang end toward prewinder 
tip. Advance mandrel forward through insert 
until tang is fully engaged in mandrel slot. 


f. Apply light forward pressure, and rotate 
mandrel clockwise until mandrel protrudes 
about 1/32 inch past previnder tool tip. Do nat 
permit tang of insert to screw out of threaded 
end of tool. 


g¢. Position inserting too} against face of 
work, in line with tapped hole. Rotate mandrel 
clockwise at a continuous and uniform rate with-- 
out forward pressure until insert is free of 
prewinder body and installed at a depth of 3/4 to 
1-1/2 turns (pitches) below surface of tapped 
hole. Do not reverse direction of mandrel at 
anv time. 


h. If prewinder tool has a stop collar, adjust 
collar te contact prewinder tool budy when re- 
quired insert installation depth has been reached. 


i. If original insert had tang removed, re- 
move tang of replacement insert by holding 
breakoff tool against insert tang and striking 
protruding rod of tool with hammer. For insert 
sizes over one inch, use long-nose pliers and 
bend tang up and down to break off tang at notch. 


Change No. 7 - 24 March 1972 1-4] 


Section I R- 3898-3 


Volume I 
fj. (Deleted) l. Inspect installed insert by inserting bolt 
or screw (of applicable size) 4 complete turns 
k. Hf installing inserts in cumponents used after locking coils are contacted. Bolt or screw 
for liquid oxygen service, remove red dye from should turn freely, by hand, until locking cot 
j midgrip inserts prior to installation. Strip is contacted. 
dye from parts as outlined in paragraph 1-35B. 


m. Remove installed bolt or screw, ant 
check instailed height of insert. 


END OF 
TOP COIL 
OF INSERT 


EXTRACTING 
TOOL BLADE 


eS TO 90° 
| 


REMOVING INSERT 


EXTRACTING TOOL 
REMOVAL 


“INSERTING 
TOOL 
TIP 


INSERT 
TANG APPROX, 
1 FULL 
STOP COLLAR ji. THREAD 


| Cf Piers MANDRE*. SLUT 


INSTALLING INBERT 
IN CHAMBER TANG 
Pam BREAK-OFF 
MANDREL TOOL, 


INSTALLED 
INSERT 


--— CHAMBER Wy 


TIP INSERT TAPPED 
~. TANG HOLE 
INSERT 
PREWINDER INSEREING 7 OOL INS FALI ATION TANG REMOVAL TANG 
Ft-3-1-87 


Figure 1-15. Heli-Coil Insert Removal and Installation Tools (Sheet 1 of 2) 
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Sled noninteeiteeeeete nia choad 


Insert STI Tap 
Internal Numbers 
Nominal 
Thread 

Size 
#4-40NC-3B 27187-04 
#6-32NC-3B 27187-06 
#8-32NC-3B 27187-2 


#10-32NF-3B 23193-3 |27193-3 
1/4-28UNF-3B 1|1193-4 5193-4 
5/16-Z4UNF-3B }1193-5 1|5193-5 


3/8-24UNF-3B /1193-6 5193-6 
7/16-20UNF-3B |42193-7 | 44143-7 
1/2-20UNF-3B |42193-8 [44193-8 


42193-9 |44193-9 
1113-10 
11193-12 


11193-14 


9/16-18UNF-3B 
5/8-12UNF-3B | 9193-10 
3/4-16UNF-3B | 9193-12 
7/€-14UNF-3B_ | 99193-14 
1-12UNF-3B 9193-161 
1-14 UNF-3B 9193-16 
1-1/8-12UNF-3B] 8193-18 
1-1/4-12UNF-3B] 8193-20 
1-3/8-12UNF-3B] 8193-22 
1-1/2-12UNF-3B]| 8193-24 


11193-16 
10193-18 
10193-20 
10193-22 
10193-24 


R-3896-3 Section I 
Volume I 


Threaded Plug 
Gage Numbers 


Refer- 
ence 
Gage 
1688-04 
1688-06 
1688-2 


1694-9 
1694-10 


Insert Tang 
Break-Off 


Insert Inserting 


Tool Numbers { ‘Cool Numbers | Insert 
Extract- 
Mid- Mid- jing Tool 


Plain Grip Plain | Grip {Number 


3688-04 7551-04 
3688-06 |7551-06 


535-19 
535-12 


535-10 
535-12 

535-14 
535-161 
535-16 
535-18 


1227-24 


Figure 1-15. Heli-Coil Insert Removal and Installation Tools (Shect 2 of 2) 
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Section I Rt~3896-3 
Volume I 
PLAIN NONBOLT-LOCKING-TYPE INSERTS 
Part Numbers 
Internal New 
Thread Length Coordinated 
Size (Inches) Commercial Military Standards 
4-40 0.112 1185-04CN 0112 21208-C0410 
4-40 0. 168 1185-04CN 0168 21208-C0415 
4-40 0, 224 1185-04CN 0224 21208-C0420 
4-40 0. 280 1185-04CN 0290 =" 
4-40 0.336 1185-04CN 0336 “- 
5-40 0,125 1185-O05CN 0125 -- 
5-40 0. 188 1185-05CN 0188 -- 
5-40 0. 250 1185-05CN 0250 “- 
5-40 0.312 1185-O05CN 0312 - 
5-40 0.375 1185-05CN 03775 -- 
6-32 0.138 1185-06CN 0138 21208-C0610 
6-32 0. 207 1185-06CN 0207 21208-C0615 
6-32 0. 276 1185-06CN 0276 21208-C0620 
6-32 0. 345 1185-06CN 0345 -- 
6-32 0.414 1185-06CN 0414 -- 
8-32 Q. 164 1185-2CN 0164 21208-C0810 
8-32 0, 246 1185-2CN 0246 21208-C0815 
8-32 0. 328 1195-2CN 0328 21208-C0820 
10-32 0. 190 1191-3CN 0190 21208-F 1-10 
10-32 0. 285 1191-3CN 0285 21208-F1-~15 
10-32 0. 380 1191-3CN 0380 21208-F1-20 
10-32 0.475 1391-3CN 0475 on 
16-32 0.570 1191-3CN 0570 -- 
1/4-28 0. 250 1191-4CN 0250 21208-F4-10 
1/4-+28 0. 375 1191-4CN 0375 21208-F 4-15 
1/4-28 0. 500 1191-4CN 500 21208-F 4-20 
1/4-28 0. 625 1191-4CN 0625 -- 
1/-28 0. 750 1191-4CN 0750 -- 
5/16~24 0.312 -1191-5CN 0312 21208-F5-i0 
5/16-24 0. 469 1191-5CN 0469 21208--F5-15 
§/16-24 0.625 1191-5CN 0625 21208+F5-20 
5/16-24 0. 784 1191-5CN 0761 -- 
5/16-24 0.938 1191-5CN 0938 -- 
3/8-24 0.375 1191-€CN 0375 21208--F6-10 
3/8-24 0. 562 1191-6CN 0562 21208-F6-15 
3/8-24 0. 750 1191-68CN 0750 21208-F6~-20 
3/8-24 0.938 1191-6CN 0938 ~- 
3/8-24 1,125 1191-6CN 1125 “—~ 


1-44 


el 


Military 
Standards 


MS122076 
MS8122116 
MS122156 
MS! 22196 
MS8122236 


MS122077 
MS122117 
MS122157 
MS122197 
MS122237 


MS122078 
MS122118 
MS122158 
MS122198 
MS122238 


MS122079 
M8122119 
MS122159 


MS124655 
MS124695 
MS124735 
MS124775 
MS124815 


MS1 24856 
MS124696 
MS124736 
MS124776 
MS124816 


MS124657 
MS124997 
MS124737 
MS124777 
MS124817 


MS124658 
MS124698 
MS124738 
MS124778 
MS124818 


Figure 1-16. Heli-Coil Insert Sizes, Lengths, and Part Numbers (Sheet 1 of 4) 


R-38986-3 
Volume I 


Internal 
Thread 


1/16~20 
7/16-20 


1/2-20 
1/2-20 
1/2-20 
1/2~20 
1/2-20 


9/16-18 
9/16-18 
9/16-18 
9/16-18 
9/16-18 


5/8-18 
5/8-18 
5/8~18 
5/8-18 
5/8-18 


3/4-16 
3/4-16 
3/4-16 
3/4-16 
3/4-16 


7/8-14 
7/8-14 
1/8~14 
1/8-14 
7/8-14 


1-14 
1-14 
1-14 
1-14 
1-14 


1-12 
1-12 
1-12 
1-12 
1-12 


PI-AIN NONBOLT-LOCKING-TYPE INSERTS (cont) 


Length 
(Inches) 


Part Numbers 


Commercial 


1191-7C'N 
1191-7CN 
1191-7CN 
1191-7CN 
1191-7CN 


1191-8CN 
1191-8CN 
1191-8CN 
1191-8CN 
1191-8CN 


1191-9CN 
1191-9CN 
1191-9CN 
1191-9CN 
1191-9CN 


1191-10CN 
1191-10CN 
1191-10CN 
1191~-10CN 
1191-10CN 


1191-12CN 
1191-12CN 
1191-12CN 
1191-12CN 
1191-12CN 


1191-14CN 
1191-14CN 
1191-14CN 
1191-14CN 
1191-14CN 


1191-16CN 
1191-16CN 
1191-16CN 
1191-16CN 
1191-16CN 


1191-1630 
1191-161CN 
1191~-161CN 
1191-161CN 
1191-161CN 


0438 
0656 
0875 
1004 
1312 


0500 
0750 
1000 
1250 
1500 


0562 
0844 
1125 
1406 
1688 


625 
0938 
1250 
1562 
1875 


0750 
1125 
1500 
1875 
2250 


0875 
1312 
1750 
2188 
2625 


1000 
1500 
2000 
2500 
3000 


1000 
1500 
2000 
2500 
3000 


New 
Coordinated 
Military Standards 


21208-F7~10 
21208-F 7-15 
21208-17~-20 


21208-F8-10 
21208+F8-15 
21208-F8~-20 


21208-F9-10 
21208-F9-15 
21208-F9-20 


_o 


21208-F1010 
21208-F1015 
21208-F 1020 


21208-F1210 
21208 -F 1215 
21208-F 1220 


21208-F1410 
21298-F 1415 
21208-F 1420 


21208-F1610 
21208-F1615 
21208-F1620 


Section I 


Military 
Standards 


MS124659 
MS124699 
MS124739 
MS124779 
MS124819 


MS124660 
M5124700 
MS124740 
MS124780 
MS124820 


MS124561 
MS124701 
MS124741 
MS124781 
MS124821 


MS124862 
MS124702 
MS124742 
MS124782 
MS124822 


MS124663 
MS124703 
MS124743 
MS124783 
MS124823 


MS124664 
MS124704 
MS124744 
MS124784 
MS124824 


MS124665 
MS124705 
MS8124745 
MS124785 
MS124825 


Figure 1-16. Heli-Coil Insert Sizes, Lengths, and Part Numbers (Sheet 2 of 4) 
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Section J 


1-46 


Internal 


5/16-24 


5/16~24 
3/8- 24 
3/8-24 
7/16-20 
7/ 18-20 


R-3896-3 
Volume I 


PLAIN NONBOLT-LOCKING-TYPE INSERTS (cont) 


Length 
(Inches) 


Commercial 


1191-18CN 
1191-18CN 
1191-18CN 
11901-18CN 
1191-18CN 


1191-20CN 
1193-20CN 
1191-20CN 
1191~20CN 
1191-20CN 


1191t-22CN 
1191-22CN 
1191-22CN 
1191-22CN 
1191-22CN 


1191-24CN 
1191-24CN 
1191-24CN 
1191-24CN 
1191-24CN 


1125 
1688 
2250 
2612 
3375 


1250 
1975 
2500 
$125 
3750 


1375 
2062 
2750 
3438 
4125 


1500 
2250 
3000 
3750 
4500 


Part Numbers 


New 
Coordinated 


Military Standards 


21208-F1810 
21208-F1815 
21208-F 1820 


me 


21208-F 2010 
21208-F 2015 
21208-¥F 2020 


21208~F 2210 
21208-12215 
21208-F 2220 


— 


2120B-F2410 
21208-F 2415 
21208-F 2420 


MIDGRIP-BOLT-LOCKING-TYPE INSERTS 


0. 168 
Q, 224 
OAT 
0. 276 
0. 246 


0. 328 
0. 285 
0. 380 
0.375 
0. 500 
0. 469 


0. 625 
0. 562 
0, 750 
0. 656 
0.875 


3585-04CN 
2585-04CN 
3585-06CN 
3585-08CN 
3585-2CN 


3585-2CN 
3591-3CN 
3591-3CN 
3591-4CN 
3591-4CN 
3591-5CN 


3591-5CN 
3591-6CN 
3591-6CN 
3591-7CN 
3591-7CN 


0168 
0224 
0207 
0276 
0246 


0328 
0285 
0380 
0375 
0500 
0409 


0625 
0562 
0750 
0656 
0875 


21209-C0415 
21209-C0420 
21209-C0615 
21209-C0620 
21209-C0815 


21209-C0820 
21209-F1-15 
21209-¥F1-20 
21209-F4-15 
21209-F4-20 
21209-F5-15 


21209-F5-20 
21209-F6~15 
21209-F6-20 
21209-F7-15 
21209-F7-20 


Milltary 
Standards 


MS1246686 
MS124706 
MS124746 
MS124786 
MS124826 


MS124667 
MS 124707 
MS124747 
MS124787 
MS124827 


MS124668 
MS124'708 
MS124748 
MS124788 
MS124828 


MS1i24669 
MS124709 
MS124749 
MS124789 
MS 124829 


R-3896-3 Section I 
Volume I Paragraphs 1-126 to 1-129 


ee ooo 


MIDGRIP- BOLT-LOCKING-TYPE INSERTS (cont) 


rr ee PT SSR 2 PTI 


Part Numbers 


Iniernal New 
Thiead Length Coordinated Military 
Size (Inches) Commercial Military Standards Standards 


3691-8CN 0750 


1/2-20 0. 750 21209-F8-15 
1/2-20 1. 000 3591-8CN 1000 21209-F8-20 
9/16-18 0. 844 35$1-9CN 0844 21209- 9-15 
9/16~18 4.125 3591-9CN 1125 21209-F9-20 
5/8-18 0.938 3591-10CN 0938 21209-F L015 
5/8-18 1. 250 3591-10CN 1250 21209-F 1020 
3/4-16 1, 125 3591-12CN 1125 21209~F1215 
3/4-16 1. 500 3591-12CN 1500 21209-1220 
7/8-14 1, 312 3591-14CN 1312 21209-F1415 
7/8-14 1. 750 35901-14CN 1750 21209-51420 


1, 500 3591-161CN 1500 21209-F1615 
2,000 3591-161CN 2000 21209 -F 1620 


Figure t-16. Heli-Coil Insert Sizes, Lengths, and Part Numbers (Sheet 4 of 4) 


1-126. RWMOVING HI-LOK FASTENERS, 1-128. SECURING AND REPLACING BLIND 
a. Hold fastener pin with a hex key wrench NUTS. 

to prevent pin from turning. 1-129. Blind nuts may be secured, if loose, 
b. Using water-pump or vise-grip pliers, and removed and replaced, if damaged. Two 

grip and turn fastener collar counterclockwise methods are used to replace blind nuts: one 

to remove collar. method uses handtools, the other uses a hy- 

eee ; Ae) , draulic power unit, blind-nut gun, and driving 

c. Remove pin from part, and clean hole. tools. The blind nut must bear the same part 

1-127. INSTALLING HI-LOK FASTENERS, number as the blind nut it replaces. 


(See figure 1-17. ) 


a. Select correct pin and collar assembly. 
The pin and collar assembly must bear the 
same part number as the part it replaces. 


SHOULDER OF PIN 
MUST NOF PROJECT 
ABOVE MATERIAL == WRENCHING 
b. Insert pin into hole. Press interference- MORE THAN U 32 INCH, \ DEVICE 


fit pins intoholeto flush and normal condition.) 


oa COLLAR 
c. Check projection of pin through hole. ye 
Shoulder of pin at thread end must not project 
more than 1/32 inch, as shown in figure 1-17, 


ya PIN 2 = fe 


dad. Hold pin with hex key wrench; turn and 
tighten collar with box open-end wrench. Con- 
tinue tightening collar until wrenching device 
breaks away from collar. 


e. Check installed height of pin and collar 
extending through material for limits shown 
in figure 1-17. 


f. Normality, flushness, and concentricity 
of the installed fastener must meet the require- 
ments of figure 1-18. 


INSTALLED 
HEIGHT 


Fl-3-1-88 


Figure 1-17. Installing Hi~Lok Fasteners 
1-47 


Section I 
Paragraphs 1-130 to 1-132 


0.005 MAX 


0 005 MAX—4 


0.005 MAX -~ DUIO MAX 


Noblt 
ALL OIMENSUONS ARR OIS INCHES 


Fl 3 1-69 
igure 1-18. Fustener Normatity, 
Concentricity, and Flushness Tolerances 


1-130. SECURING LOOSE BLIND NUTS. When 
feasible, a loose blind nut should be tack-welded. 


WARNING 


The following procedure uses acetone, 
which is flammable and must not be 
used near heat, sparks, or open 
flame. Inhalation of its vapors or 
prolonged contact with the liquid c.a 
cause serious injury. 


a. Using a fine-wire stainless-steel brush, 
clean area around blind nut. Wipe area clean 
with acetone (Federal Specification O-A-51). 


b. After area is thoroughly dry, tack-weld 
sleove with CRES welding rod in at least 4 
places. Weld nist withstand torque of installed 

Jolt. (Gee figure 1-20.) 


CAUTION 


The remaininy portion of the blind 
nut must not fall into an area where 
it could possibly cause damage to 
equipment, 


1+131. REMOVING BLIND NUTS. Using a 
mini-grinder, grind off blind-nut flange. Drive 
out remaining portion. 


1-182. INSTALLING BLIND NUTS WITH 
HANDTOOLS,. Handtools are not recommended 
for installations of blind nuts larger than 1/4 
inch, (See figure 1-19.) 
a. Select correct replacement blind nut. 
Refer to R-3896-4 for part number and location. 
b. From figure 1-20, determine handtool, 


mandrel, crowfoot wrench, and torque required 
for blird nut installation. 


c. Install blind nut using procedures shown 
in figure 1-19. 
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R-3896-3 
Volume I 


CHUCK HOLT ~y 
EXPANDER 


/ 


1. PLACK SLEEVE ANDEXPANDEI ON MANCHEL, 
TURN EXPANDER UNTIL FINGERPIGHT, TURN 
CHUCK BOLT CLOCKWISE [PO SEAT SLEEVE ON 
ANVIL 


Y | —— CHOW FOOT WRENCH 


( \ SOCKET WHENCH 


TORQUE 
WRENCH —- 


2. INSERT EXPANDER AND SLEEVE ASSEMBLED 


ON TOOL FULLY INTO HOLE, 


{ | — EXPANDER SET tN SLEEVE | 
\ 


3 HOLE CHUCK BOLT WITH SOCKET, TURN 
HEX COUNTERCLOCKWISE TO PROPER 
TORQUE, TURN HEX A MALY TURN CLOCK- 

WIk AND UNSCREW CHUCK BOLT FROM 

EXPANDER. 


Figure 1-19. Blind Nut Installation With 
Handtools 


R-3896-3 
Volume J 


Blind Nut Handtool 
Number Number 

BN359-832 BH110-832-M2 
BN15/-1032 BH110-1032-M2 
BN359-1032 
BN359-428 BH210-428-M2 
BN360-440 BH120-440-M2 
13N360~-632 BH120-632-M2 
BN360-832 BH120-832-M2 
BN360- 1032 BH120-1032-M2 
BN523- 1032 
BN360-428 BH220-428-M2 
BN523-428 
BN361-428 BH230-428-M2 


N2-5 


M2- 


M2- 
M2- 


M2- 


Me- 


Section I 
Paragraphs 1-133 to 1-137 


Mandrel Number 


Torque 

1-2 Inch Crowfoot Value 

Grip Wrench (in-lb) 
M3-8 AN8506-6 175-200 
M3-1032 AN8506-6 250-275 
M3-12 AN8506-10 425-450 

M3+5 AN8506-6 60-70 
§32 M3-632 AN8&506-6 90-100 
8 M3-8 AN8506-6 175-200 
1032 M3-1032 AN8506-6 250-275 
12 M3~-12 AN8506-10 425-450 
12 M3-12 AN8506-10 425-450 


a ar 


Figure 1-20, Blind Nut Part Numbers, Handtools, and Torque Values 


1-133, JNSTALLING BLIND NUTS WITH 
HYDRAULIC POWER UNIT AND TOOLS, 


a. Select correct replacement blind nut. Re- 
fer to R-3896-4 for part number and location. 


b. From figure 1-21, determine driving 
tools required for blind nut installation. 


ce. Install blind nut using procedures shown 
in figure 1-22 and instructions on hydraulic 
power unit. 


1-134. ENGINE VARIABLE ORIFICES, 


1 135. Engine variable orifices control fluid 
flowrates. The orifice diameiers are deter- 
mined for each engine before engine delivery, 
The orifice identification, part number, actual 
measured size, and engine serial number are 
permanently placed on each orifice (figure 1-23) 
or ona metal tag attuched adjacent tothe orifice. 
Engine orifices are listed in figure 1-23A. 
Refer to R-3896-4 for orifice effectivity. The 
orifice name, par number, nominal size, and 
location identification code are recorded in 
each Engine Log Book. 

1-136. REPAIRING ORIFICES, Small, lightly 
scratched or nicked abraded areas, except 
orifice diameter and edges, may be smvothed 
out with a fine stone or ahrasive cloth (320-grit 
or finer), as necessary, to meet the surface 


finish requirements. The reworked area, if in 
a sealing surface, must not impair the sealing 
function. 


WARNING 


The following procedur? uses tri- 
chlorocthylene or trichlorocthane, 
which are toxic solvents. Inhalation 
of their vapors or prolonged contact 
with the liquids can cause serious 
injury or death. 


The following procedure uses iso- 
propyl alcohol, which is flammable 
and must not be used near heat, 
sparks, or open flame. Inhalation 
of its vapors or prolonged contact 
with the liquid can cause serious 
injury. 


1-137. CLEANING ORIFICES, Clean all metal 
orifice plates by vapor degreasing. Hand-clean 
orifice plates with molded rubber seals (except 
RD251-5061) using a clean, lint-free cloth 
dampened with trichloroethylene (MIL-T-27602) 
or trichloroethane (Federal Specification 
O-T-620). Hand-clean orifice plate RD251-5001 
with isopropyl alcohol (Federal Specification 
TT-I-735), 
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BLIND NUTS BN359 AND BN514 


cme me ante 


Blind Nut 
First Anvil Chuck 0-1 Inch 
Dash No. Number Number Grip 


-832 A25-032 C2-8 M1-8 
- 1032 A25-1032 C2- 1032 M1-1032 
-428 A25-428 C2-12 M1-12 
-524 A25 -524 C2-14 M1-14 
-624 A25-624 C216 M1-16 
a ee BLIND NUTS BN372 
40 A27-440 C2-5. | Mi-5 
-632 A27-632 C2-432 M1-632 
-§32 A2t-832 C2-8 Mi-8 
-1032 A27-1032 C2-1032 M1-1032 
= 428 A2T-428 C2-12 M1-12 
-524 A27=524 C2-14 Mi-14 
624 A27-624 C216 MI-16 


M1-5 
M1-652 
M1-8 
M1~-1032 
M1~12 
M1-420 
M1-14 
M1-518 
M1-16 
M1~-616 
M1~720 
M1-714 
M1~-820 
M1-813 


Ca-5 
C2-832 
C2-8 
C2-1032 
C2-12 
C2-12 
C2-14 
C2-14 
C2-16 
C2-16 
C3 
C3 
C3 
C3 


A27-G32 
A2T-832 
A27-1032 
A27-428 
A27-428 
A27-524 
A27-524 
A2T-624 
A27-624 
A27-720 
A27-720 
A2ZT~820 
A27-820 


Mandrel Number 


1-2 Inch 
Grip 
82-8 
M2-1032 
M2-!2 
M2-14 
M2-16 


M2-~-5 
M2-632 
M2-8 
M2-1032 
M2-12 
M2-14 
M2-16 


BLIND NUTS BN523 AND BN360 


M2-5 
M2-632 
M2-8 
M2-1032 
M2-12 
Ma -420 
M2-14 
M2-518 
M2-16 
M2-616 
M2-720 
M2-714 
M2~820 
M2-313 


Figure 1-21. Power Unit Driving Tools for Gun BG2500 


2-3 Inch 


eee 


Grip 
M3-8 
M3-1032 
M3-12 
M3-14 
M3-16 


M3-8 
M3-1032 
M3-428 
M3-420 
M3-~14 
M3--518 
M3~+16 
M3--616 
M3~720 
M3-714 
M3-820 
M3-818 


R- 4896-3 Section I 
Volume | 


—~ PXPANDER GUN LOCKNUT = 


ww SLE RVE GUN ANVIL 


GUN MANDREL 


a eee A 
ott AP f' 


2. INSET MASDME ED GEROUCGI SEED VE DILLN 4 GUN AUTOMATICALLY BACKS OFF SLEEVE 
BY PREOSTNG GON ROCHE PLANE! CON TROL HEAD AP TER PULL -U2? lb COMPLETE, 
HE dON SPE ENPANDE ICON TO MANDRE DE. TO 
ABIES ASSE PO CORRECT SEL I AE DE NGTH, 
SPIN OASVIE TPOSE AL AGAINST SPEED AVE HEAD 
AND TIGHTEN FOCKNUT, 


WORK 


2. INSERT ASSuMBLED EXPANDEH AND SLEEVE 5. PRESS GUN CENTER CONTHOL BUTTON TO 
THROUGH HOLE. HOLE PREPARATION RE- SPIN MANDREL OUT OF INSTALLED SLEEVE 
QUIRES ONLY STANDARD DRILL TOLERANCES, AND EXPANDER, 


NO HEAMING 18 REQUIRED 


39 PRESS GUN LEFT-HAND CONTROL BUT ION 6 INSERT CCRE BOLT INTO SLEEVE AND EX- 
TO PULL EXPANDER INTO SLEBVE.THIS PULL-UP PANDER AND TIGHTEN WITH CORE BULT 
ACTION LOCKS SLEBYE AND SWELIS SL ECVE DRIVER. 


WALLS TO TIGHTLY FILA. HOLE, 


FL-3-1 112 
Seemed 


Figure 1-22. Blind Nut Installation With Power Tools 
1-51 


Section [ 


| 


0.900 THRU 


1,009 THRU 


A RD25I-4071-XXXX 
y° 


THE SECOND DASH NUMBER 
in INDICATES DIAMETER OF Oo 8 
| | K DIA 
T—-||— (REF) 


ae 


1,089 THRU 1.138 
1,189 THRU 1,312 


R-3896-3 
Volume I 


CODING 


ol IDENTIFY BY ELECTROCHEMICAL- OR ACID. ETCH ONLY, 
Gay THIS ORIFICE 13 THE SMALLEST ALLOWABLE FOR THIS VLATE, 


(aj once MUST HAVE SHARP EDGES, 


ORIFICE EDGES MUST SE DEBURRED AND MAY DE BROKEN 0.005-INCH MAXIMUM RADIUS ON 
MINIMUM DIAMETER ORIFICE, AND 0,0005-INCH MAXIMUM RADIUS ON ALL OTHER SIZE. 


ORIFICE EDGES MUST BE DEBURRED AND MAY BE BHOKEN 0. 008-INCH MAXIMUM RADIUS ON 
MINIMUM AND MAXIMUM DIAMETER ORIFICES, AND 0.0005-INCH MAXIMUM RADIUS ON ALL 
OTHER SI4ks, 


SEALING SURFACES MUST BE FREE OF NICKS, SCRATCHES, AND OTHER IMPERENCTIONS THAT 
CAN IMPAIR SEALING CAPABILITY. 


(7 Jaurrace MUST BE FLAT WITHIN 0.002 INCH TYYTAL, 


é 


LE VAIL Bb DIMENSIONS DO NOT APPLY JEYOND POINT OF TANGENCY OF 45-DEGREE CHAMFER 
AND 0. 09-INCH FILLET, EXCEPT AS NOTED, 


(9) coun rennone: MUST BE OMITTED WHEN ORIFICE DIAMETER EXCEEDS B DIAMETER. 
VAPOR-DEGREASE, 


@) HANDWIPE WITH TRICHLORORTHYLENS, NOTE 
: : ALL DIMENSIONS ARE [N 
Raj nanowire WITH ISOPROPYL. ALCOHOL. Scns VRCEET Ad NOTED: 


NOTE 


ORIFICE IN THOUSANDTHS OF 
AN INCH +0. 001, 


1,008 


— 


1.088 


——e 


Figure 1-23. Engine Variable ©O,...ces (Sheet 1 of 6) 
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fs) SEALING SURFACE, 
teed FAR SIDE 


F1-3-1-113B 


R-3896-3 Section * 


Volume I 
SEALING SURFACE | 


FAR BIDE 
cas Ye ! Ye 
SEALING SURFACE Os a WY 


NEAR SIDE 


K DIA 40,001 
"0.840 THRU 1.008} 0.040 


1. 009 THRU 1, 086 0. OnO 


1.069 Thu 1,188] 9,110 


omen { UMTS = 7 z 
tian tuny 1418] == | OK RDZ5I~4072-XXXX secrion C-C 


THE §/°COND DASH NUMBER I3 DIAMETER OF ORIFICE IN 
THOUSAND THS OF AN INCH 20,001, 


60, 010) en 
0.100 15 Oyg | | 
cre Baers 3,040 MAX, 
—— (2 PLACES) 
FLOW 
ADIA. = al 

- ————--—— 0,062 +0,000 
: »0.010 


0, 020 20.008 


9. 220 40.001 DIA R- . 
‘a. i a) (2 PLACES) 


section D-D 


BASIC PART NUMBER 


RD251-4980-XXXX = ——— 
251-4082-XXXX De 1-4080 
RD251-4083-XXXX RD251-4082 


RU251-40B4-XXXX RD251-4083 


RD251-4085-XXXX 
RD251-4087-XXXX RD251-4084 0.735] 0.406 


RD251-4085 0,870 | 0,500 


RD251-4087 


NOTE 


THE SECOND DASH NUMBER IS DIAMETER OF 
ORIFICE IN THOUSANDTHS OF AN INCH 10 001. 


@ ALT, DIMENSIONS ARE IN INCHES. 


(SEE CODES ON SHEET 1,) 


F1-3-1-114A 


Figure 1-23, Engine Variable Orifices (Sheet 2 of 6) 
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Section ! R-3896-3 
Volume | 


Oo SEALING SUNF ACF 
LANE AR SIDE 


y ae 


a ne 


lee 
petait B BIA ranean Ge 
fs} fay pcp | DIA 
RD251-4130—-XXXX 1. 438 
NOTE DA 


THE SECOND DASH NUMBER 
DIAMETER OF ORIFICZ IN THOUSANDTHS 
OF AN INCH, SEE TAHLE FORK ACTUAL 
ORIFICE SIZES AND TOLERANCES. 


K DIA TOLERANCE 


-l. Otto 


alan pte pg Saree rome fees = Oh SURFACE 
0.830 wef —. 20-011 asap j=: 0.500 hi.) FAR SIDE 

0.8500 THAY 1.4150 +0, 0005 SECTION M-M 

1.416 _] 20-002 


(eo) SEALING SURFACE 
had BETWEEN 2,50 DIA AND 


x 1.17 DIA FAR SIDE ONLY GF 
Vs 4n* 10) = 
aw aaa 
+9, 000 | 
ae | 0.049 010 K DIA 


orran B aie a @Q-} @ |— 
ks RD251-4131-XXXX \ 
NOTE 


THE SECOND DASH NUMBER IS 
DIAMETER OF ORIFICE IN THOUSANDTHS 
OF AN INCH, SEE TABLE FOR ACTUAL 


ORIFICE SIZES AND TOLERANCES. ‘ Pr Te = 0,110 
K DIA TOLERANCE 

ig 2 section N-N 

0, 890 £0,011 

0.9100 THRU 1.4116 40. 0005 

1,312 20,001 


2 340 DIA 
RASIC 


SECTION P-P 


ONFICE FO PAT NUMBER 
OTHER THAN 149251 - 5001-0000 


NOLE 
TItk SECOND DASH NUMBER Is RD25|-5001-XX XX 


DIAMETER OF ORJFICE IN 
THOUSANDTHS OF AN INCH 0.001. 


@ ALI. DIMENSIONS ARE IN INCHES. (SEE CODES ON SHEET 1.} 


F1-3-1-115 


! Figure 1-23, Engine Variable Orifices (Sheet 3 of 6) 
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R-3896-3 Section I 
Volume I! 


0.47% Faia’ 
DIA &tamm 
! 


RD25I~ 4104-XXXX 
NOTE Pree 


THE SECOND DASH NUMBER [8 
DIAMETE It OF ORIFICE IN 
THOUSAND THS OF AN INCH «0. 002, 


Le 
@#All DIMENSIONS AHF IN INCHES 0,300 =| 


section H-H 


t - 4, 125 


we aw 2 OL) wero 


+0,000 
| 0.100 "5" O95 = 


Kona DIA (cn RD25I-4108-X X XX 
! NOTE 


—-1,25040.001 DIA , THE SECOND DASII NUMBER IS 
DIAMETEh OF ORIFICE IN 
THOUSANDTHS OF AN INCH 20. 00z, 


TALL DIMENSIONS ATE UN INCHES 


so.010 [fe 
0,190 7)" ogs° - 


Ky Ot 


| 
| 
0.090 -—~ | iso 0. 7ThO R | 


(2 PLACES) — 0,500 R —— 
32 5 
c 
+0, 000 
Oar 9, 010." me 2.260 
ee 0.060 R ee 
; IA ; 
onIFicg 982 -| | 


Go 0.000 _* 
Sa, 0.108 ! —p lh 1,240 20,011 
oN ~0,005 
DIA 
K 0, 200 +0,900 _ : es 
: -0. 005 
RD25|-4118-XXXXxX 
SECTION K-K L section Lr L 
NOTE t 
: nore RD251-4129-XXXX 

THE SECOND DASH NUMBER 18 THE SECOND DASH NUMBER [IS DIAME TLR OF ORIFICE IN CHOUSANDTHS OF AN 

DIAMETER OF ORIFICE IN INCH: @ 900%, EXCEPD-t240 WHICH IS 0011 © ALT, DIMENSIONS ARI. IN INCHES 

THOUSANDTHS OF AN INCH 20.001. (gee CODES EXAM PLE: 


ON SHEET 1,) 2D251-4129-1240 = BASIC PLATE WITH 1.240 20, 011 DIAMETER ORIFICE 


* ALL. DIMENSIONS ARE IN INCHFS 1D251-4129-1500 = PLATE WITH 1.500 40. 0005 DIAMETER ORIFICE. 


F1-3-1-116 


Figure 1-23. Engine Variable Orifices (Sheet 4 of 6) : 
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Section I R-3896-3 
Volume I 


@) @ 


10,010 
-0, 005 

— -I|-——— 0.020 10,005 
(4 PLACES) 


0, 100 


'O, Olere 10,001 
DIA THRU 


i 
FLOW. j 
RD25|-4098-XXXX | ot a Oe heey 
eh. ~~ 
won >H 
THE SECOND DASH NUMBER IS fiaw | 
DIAMETER OF ORIFICE IN ‘ see 
THOUSAND1HS OF AN INCH 10.00, = 
® ALL DIMENSIONS ARE IN INC HLS 
0. 090 20.001 


DIA THRU -- 
(FLKED DLA) 


SECTION E-E 


1 3, 000 30, 002 0.375 (2010 [pe 
DIA THRU re 20,040 


RD251-4100-XXXX 


NOTE 


THE SECOND DASH NUMBER 13 
DIAMETER OF ORIFICE IN 
THOUSANDTHS OF AN INCH 20. 002. 


SECTION F F ® ALL D'MESSIONS ARL IN INCHES, 
aimee ra ae 
oe 2. 5 
ee a © ae 
~0. 000 | 
[} ‘J | G 
G— / [——— ~- 


RD25I-4103-XxXxxX DIA 2.00 
I amare o 
NOTE 90 
THE SLCOND DASH NUMGER IS 
DIAMETER OF ORIFICE IN tL. 
THOUSANDTHS OF AN INCH 40, 002. ele ‘ 

et . : 0.300 —~ o SEALING 

@ALI DIMENSIONS ARE IN INCHES. | Det’) ana: 

FAM SIDE 

section G-G 
(SEE CODES ON SHEET 1.) 
F1-3-1-117 


Se 


Vigure 1-23. Engine Variable Orifices (Sheet 5 of 6) 
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R-389E-3 Section | 
Volume I 


Se asemmmaamndent 


TS A tT (AT |e eS GT AN Try Mire 


0.188 +0 001 

DIA TIRU - 

{FIRED my 
> FLOW —\- 


eee 
0.624 <0.901 >-fe] - a 


DIA THRU 7 —— +k : 
ces - -» FLOW ne ae 
as : "95 


1. 60 


RD251-4125-XXXK _ = oe 9. 100 8.910 


NOIF 
av SECTION R-R 
THE ohCOND DASH NUALRERR IS 
DIAMETER GE ORIFICE FR 
PHOLSINDTHS OF AN INCH 0.001 


9 ALS, DIMENSIONS AXE IN INVHES 


+9, 0005 
2] 0.0700 9 pao PIA 


EDS BREAK 
~~ FUENTIFY BY 


NE A I REE le EP 


0.005 WAY --— 
tAG ONLY 
any 29 900 
) vo O24 0.002 rats (ial 
0.316 “5 ao} 
oA 
| onan? ciao 


EDGE BREAK 


0.009% MAX?" a anne 050 


oeeceen Q), AEG met 


SECTION §-5 


R273 102 7-KRKK 
NOTE 


THE SEC OND DASH NUMJET¢ IS 
PHAMETEX OF OHFICE Ik [EN 


THOUSANDTHS OF AN INCH *O. 0905 
~. 9000 


@ ALL DIMENSIONS ARE IN INCH! S (SEE CODES ON BHETT 1.) 


F131 155 
ml 


a A tr Na 


eT AAPA nif pr LSS I eee al 


Figure 1-23, Engine Variable Orific 8 (Sheet 6 of 6) 
Change No. 3 - 18 dune 1970 1-56A 


Section I 


 eammenamnal 


{a) 


Part Number 


Noinen- 
clature 


RD251-4071-XXXX 


RD251-4072-XXXX 


RD251-4080-XXXX 


RD251-4082-XXKX 


RD251-4082-XXXX 


RD251-4083-XXXX 


RD251-4083-XXXX 


RD251-4084-XXXX 


RD251-4085-XXxXX 


RD251-4085-KXXKK 


{a} Refer to Engine Log Book for recorded number, 


Gas gen- 

erator ox- 
idizer feed 
(upstream) 


Gas gen- 
erator Ox- 
idizer feed 
(down- 
stream) 


No. 2 
fuel bleed 


No. 1 ox- 
idizer valve 
dome purge 


No. 2 ox- 
idizer valve 
dome purge 


No. 1 fuel 
valve open 
control 


No. 2 fuel 
valve open 
control 


No. 1 fuel 
inlet pres- 
sure 


No. 1 ox- 
idizer valve 
open control 


No. 2 0xX- 
idizer valve 
open control 


(b) Four each required. 


Ae airs CEES erm 


1-56B 


Figure 1-23A. 
Change No. 7 - 24 March 1972 


R-3896-3 
Volume I 


Location 


Gas generator 
oxidizer sup- 
ply duct. 


Gas generator 
oxidizer sup- 
ply duct. 


No. 2 fuel 
inlet elbow. 


No. 1 oxidizer 
valve. 


No, 2 oxidizer 
valve. 


No. 1 fuel 
valve. 


No. 2 fuel 
valve, 


No. | fuel 
inlet elbow. 


No. 1 oxidizer 
valve. 


No. 2 oxidizer 
valve. 


en 


(a) 


Part Number 


RD251-4087-¥ XXX 


RD251-4088-XXXX 


RD{51-4100-XXKX 


RD251-4100-XXXX 


RD251-4103-XXXX 


RD251-4104-XXXX 


RN251-4108- XXXX 


RD291-4118 -XXXX 


Nomen- 
clature 


Location 


Fuel impel- 
ler balance 
cavity supply 


Gas gen- 
erator ball 
valve open 
control 


No. I main 
fuel 


No. 2 main 
fuel 


Heat ex- 
changer ox- 
ifizer by- 
pass 


Heat ex- 
changer 
helium 
bypass 


Gas gen- 
erator fuel 
supply 


Heat xx- 
changer 
oxidizer 
inlet (b) 


No. 1 turbo- 
pump volute. 


Gas generator 
ball valve, 


No. 1 fuel 
valve inlet. 


No. 2 fuel 
valve inlet, 


Oxidizer by- 
pass hose. 


Helium bypass 
hose. 


Gas generator 
fuel supply 
duct, 


Oxidizer sup- 
ply hose, 


er NEE Ac a eh ng 


Engine Orifices (Sheet 1 of 2) 


(a) 


Part Number 


Nomen- 
clature 


R-3896-3 
Volume I 


re rr pp I Ae BAER eer et 


FHID251-4118-XXXX 


RD251-4125-XXXX 


RD251-4129-XARK 


RD251-4130- XXX 


a) Refer to Engine Log Book for recorded number. 


Heat ex- 
chonger 
heliutin 
intet(c) 


Pressure 
switch 


Gas gen- 
erator fuel 
supply 


Gas gen- 
erator ox- 
idizer feed 
(down- 
stream) 


(*) Two each required, 


Helivm supply 
duct. 


Pressure 
switch man- 
ifold, 


Gas generator 
fuel supply 
duct. 


Gas generator 
oxidizer sup~ 
ply duct. 


(a} 


Part Number 


RD251-41381-XXXX 


RD251-5001-XXXXK 


RD273-1027-XXXX 


Nomen- 
clature 


en et ine re 


Gas gen- 

erator ox- 
idizer feed 
(upstream) 


Fuel impel- 
ler balance 


eavity return 


Bearing 
coolant con- 
trol valve 


Section 1 


Location 


Gas generator 
oxidizer sup- 
ply duct. 


Noa. 2 turbo- 
pump inlet. 


Bearing 
coojant con- 
trol valve 
supply. 


a rR EY EAE ee INE TT A SS ASS TS SS Sr SS A Pt 


Figure 1-23A, Engine Orifices (She-t 2 of 2) 


Change No, 3 - 18 June 1970 


1-56C/1-56n 


R-3896-3 
Volume I 


( ) Nomen- 


Part Number 2 clature Location 


RD251-4118-XXXX Heat ex- Helium supply 


changer duct. 
helium 
inlet (c) 
RD251-4125-XXXX Pressure Pressure 
switch switch man- 
ifold. 


RN251-4129-XXXX Gas gen- Gas generator 
erator fuel fuel supply 
supply duct. 


RD251-4130-XXxXxX Gas gen- Gas generator 


erator ox- oxidizer sup- 
idizer feed ply duct, 
(down- 

stream) 


(a) Refer to Engine Log Book for recorded number. 


(c) Two cach required. 


oS ctttnintitansaen te 


1-138. IDENTIFICATION PLATES, 
1-139. Whenever an engine modification is 


performed or an identification plate is replaced 
for other reasons, engine identification plate 
RD171- 1025-0001 or modification (MD) identifi- 
cation plate RD171- 1052-0001, RD171-1052- 0002, 
or RD171- 1052-0003 is to be located and in- 
stalled as specified in this procedure. Satisfac- 
tory adhesion of plates will be obtained only if 
the surface area to which the plate will be 
applied is properly cleaned of dirt, grease, or 
other contamination and the prepared area is 
not touched with the fingers at any time. 


1-140. INSTALLING IDENTIFICATION 
PLATES. (See figure 1-24.) 


WARNING 


The follewing procedure uses tri- 
chloroethylene or trichloroethane, 
which are toxic solvents. Inhalation 
of their vapors or prolonged con- 
tact with the liquids can cause 
serious injury or death. 


Figure 1-23A. Engine Orifices (Sheet 2 of 2) 


Section I 
Paragraphs 1-138 to 1-140 


(a) Nomen- 


Part Number a clature Location 


RD251-4131-KXXX Gas gen- Gas generator 


erator ox- oxidizer sup- 

idizer feed ply duct. 

(upstream) 
RD251-5001-XXXX Fuelimpel- No. 2 turbo- 


ler balance 
cavity return 


pump inlet. 


RD273-1027-XXXX Bearing Bearing 
coolant con- coolant con- 
trol valve trol valve 

supply. 


e The following procedure uses 
naphtha soivent, which is flam- 
mable and must not be used near 
heat, sparks, or open flame. In- 
halation of its vapors or prolonged 
contact with the liquid can cause 
serious injury. 


a. Using a clean cloth dampened with trichlo- 
roecthylene (MII.-T-27602), trichloroethane 
(Federal Specification O-T-620), or naphtha 


«(Federal Specification TT-N-95, Type I) thor- 


oughly clean area that identification plate will 
contact. Do not allow solvent to dry on the area; 
wipe area, while still wet, with a clean, dry 
cloth. 


b. Remove existing engine identification 
plate RD171-1025-0001 froin engine. Using 
stencil-cutting setting of a typewriter, transfer 
all information from removed plate to new plate 
RD171- 1025-0001. 
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Section I 


R-3896-3 


Volume I 


NO 2 SIDE 


e s a 
is 
“Tt 


0,12 0 06 


ao 1,50 0,12 


| oe Baer ROL 12h. GOny 


PLATE vl t 1052 Bits 


“0.12 ¢ 06 
0.12 0 0b 


0.12 0 6b NOTE 


ALL DIMENSIONS 
ARE IN INCITFS. 


Fi-d-1-144 


Figure 1-24, Engine and Modification (MD) Identification Plates 


c. Remove existing modification (MD) identi- 
fication plate RD171- 1022-0001 from engine. 
Using stencil-cutting setting of a typewriter, 
enter a K (kit) or P (production) in applicable 
blocks of new identification plate 
RD171-1052-0001, RD171-1052-0002, or 
RD171- 1052-0003 (information to be obtained 
from Engine Log Book). 


d. Remove protective backing from new 
identification plate by bending plate along split 
with backing facing out while gently pressing 
against split with thumbs. Carefully pull back- 
ing from plate. Do not touch adhesive on plate 
or allow adhesive to become contaminated with 
dirt, moisture, or other foreign matter. 


1-58 Change No. 7 - 24 March 1972 


e. Immediately after removal of protective 
backing, place one edge of identification plate 
on previously prepared surface area, Press 
down remainder of plate, being careful to avoid 
formation of wrinkles or bubbles. Make certain 
that edges and corners are firmly pressed 
down. A rubber or plastic roller may be used 
to presa down plate. If plate is applied in the 
wrong position, is damaged, or is not firmly 
adhered, it must be removed, discarded, and 
a new plate installed. 


R-3896-3 
Volume I 


1-141. AGE-CONTROLLED COMPOUNDS, 
1-142. The shelf-life requirements of a com- 


pound provide the warranty limits of the 
compound; not the useful life limits. A 
compound can exceed its maximum usable life 
before its shelf-life expiration date if the aging 
process of the compound has somehow been 
accelerated. Conversely, often compounds 
under proper storage conditions can be used 
over a much longer period than their shelf life 
Jimits indicate. 

1-143. TESTING COMPOUNDS FOR USABILITY. 
1-144. Simple and inexpensive tests have been 
devised to determine the usability of age- 

conti olled compounds in the field. These tests 
are designed to be used when it is imperative 

to use a compound without delay when recertifi- 
cation cannot be immediately confirmed. There 
is no limit to the number of times a material 
may be tested to determine its usability, unless 
stated otherwise. Accepting a compound for 

use under the usability test criteria does not, 
however, recertify the compound to the original 
specification standards. Recertification of 
certain compounds, as deemed necessary by 

the local Quality Representative, must be 
returned to Rocketdyne for analysis and 
recertification, 

1-145, USABILIT: OF COMPOUNDS. 

1-146. Shelf life of a compound is normally 
specified for a period of time (6 months, 12 
months, etc} that starts from the date the com- 
pound was manufactured. If in the judgment of 
the local Quality Representative the tested 
compounds exhibit favorable properties, as 
described in the usability tests, the compound 
should be considered to be usable and the shelf 
life extended to one-half the original shelf life, 
unless stated otherwise. Fo~ example: if the 
original shelf life was 12 months, the shelf life 
can he extended an additional six rnonths. 
Subsequent successful tests also extond the shelf 
life six months (one-half the original shelf life). 
After a compound has passed the usability test, 
the Quality Representative fills out a Serviceable 
Label-Material tag, DD Form 1574, with the 
required data and attaches it to the compound 
container. The comp'eted tag, which includes 
the new shelf life extended time peric', serves 
as the official age control document. 


Section I 
Paragraphs 1-141 to 1-152 


1-147. STORAGE ENVIRONMENT AND 
CONTAINER CONDITION. 


1-148. The storage area and the condition of 
the compound containers should be examined 
before agitating or opening the container to 
determine if the immediate environment has a 
possible effect on the usability of the compound. 


1-149. STORAGE ENVIRONMENT. Proper 
storage is imperative. For example, the aging 
of many compounds may be minimized by storing 
the compound in a <32° F environment. How- 
ever, literature accompanying the compound 
may warn against such storage and it must be 
determined what storage conditions are 
recommended for each compound, and whether 
the compounds meet these conditions. Usually, 
storage in direct sunlight, in areas of high heat, 
or in an area of fluctuating temperature will 
cause detrimental effects on a compound's 
usability. 


1-150. CONDITICN OF CONTAINER. Contain- 
ers should be kept tightly closed. Loss of 
volatile constituents or absorption of moisture 
due to incorrectly closed or sealed containers 
will generaliy accelerate or inhibit cure prop- 
erties, decreasing the maximum usable life of 
the compound. Use caution with questionable 
containers. 

1-151. CONDITION CF COMPOUND. 

1-152. Before agitating or stirring the contents 
of a container, open the container and determine 
the general condition of the compound. Follew- 
ing are a few typical examples of what can be 
encountered during inspection of the general 
condition of compounds. The user must deter- 
mine which properties may or may not affect 

the useful life of a compound: 


a. Skinning. Some liquids develop a partially 
cured skin or thin crystallized shell over the 
exposed top portion of the liquid in the container. 
Sometimes, removing this skin will expose 
usable material; other times this skin is cause 
for disposing of the compound. Where litera- 
ture or usability criteria allow formation of 
surface skinning, it must be removed before 
stirring or agitating the container, as follows: 


(1) Using a spatula, carefully free edge of 
skin from side of container. 
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(4) Carefully lift skin out of container in 
as large of piece as possible. 


(3) Remove as many remaining small 
pieces as possible. 


hb. Wet Caking. Fillers in certain compounds 
are evenly disp’ rsed during the manufacturing 
process and upon storage settle .a form a thick 
mass at the bottom of the container. The 
following steps should be followed to determine 
whether the material is usable when caking 
exists. If literature notes that caking or 
settling is a cause for disposal, discard 
material. 


(1) Lower a spatula to bottom of container 
and note viscosity of material in upper half of 
container. 
viscosity when spatula is aiirred at bottom of 
container and compared to viscosity of material 
in upper half of container. Remove spatula and 
inspect it for evidence of caking. 


(2) If caking in container is hard and 
cannot be stirred or penetrated with spatula, 
the material has exceeded its maximum 
usability life. 


(3) If caking is firm, but can be stirred, 
remix caking with liquid media (supernate) as 
outlined in substeps 4 through 8. 


(4) Pour supernate into suitable clean con- 
tainer, to expose caking in original container. 


(5) Stir and break up caking as much as 
possible and pour back a small amount of 
supernate into original container. 


(6) Try to form a homogenec is paste by 
mixing small amount of supernate with caking. 


(7) Pour another small amount of super- 
nate into original container and again form a 
homoreneous paste. Continue this operation 
until all supernate has been added back as com- 
pletely as possibie and a homogeneous mixture 
is formed. 


(8) If a homogeneous mixture containing 
few gelled bodies, few undispersed conglomer- 
ates, or few coarse particles cannot be formed, 
dispose of material. 
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Any caking will show up as increased 


c. Dry Caking. Some fillers may be shipped 
separately or in the dry state and are to be 
mixed with the compound when it is ready for 
use. Dry caking of the filler can be determined 
as follows: 


(1) Remove a small amount of filler from 
container to be examined and note condition of 
sample as to uniformity, particle size, and 
apparent moisture content. 


(2) If filler has not absorbed much mois- 
ture, break lumps into fairly uniform size with 
blunt instrument or mortar and pestie. 


(3) If filler has absorbed moisture, mois- 
ture can be safely removed from most fillers 
by placing filler in dessicator or vecuum drying 
filler at approximately 75° F for 24 hours. 


(4) If caking cannot be reduced to a usable 
material, discard filler. 


qd. Gelling. Ordinarily, materials that gel 
are pourable rubber-based materials that grad- 
ually change in properties over an extended 
period of time. Dete, ‘aine if material has 
gelled as follows: 


(1) Lower a spatula into material and ob- 
serve its qualities to determine if it is abnor- 
mally thick or gellatinous. 


(2) If material has not fully gelled, gelled 
particies may be noted by inserting and removing 
spatula and allowing a stream of material to 
flow from it. If gelling is aetected, discard 
material, since it will generally be a short 
time before the maximum usability time is 
exceeded. 


e. Separation. Two or more liquids ina 
homogeneous system may Separate upon stand- 
ing (similar to caking). Depending on the 
material, separation may or may not be cause 
for disposal. If separation has occurred, try 
to reblend material by careful stirring or 
mechanical agitation. If a homogeneous blend 
cannot be obtained, dispose of material. 
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f. Solidification. Some liquid materials will 
eventually cure, crystallize, or solidify in 
their containers over an extended period as 
evidenced by the presence of a hard solid mass. 
The material can generally be considered use- 
less if found in this condition. 


g. Contamination, Contamination or adulter- 
ation of a frequently used material can easily 
occur and can be recognized by discoloration, 
divt, or partial cure, Simple contamination can 
be prevented as follows: 


(1) Keep containers tightly closed, 
(2) Keep pouring spouts and openings clean, 
(3) Take samplings with clean utensiis. 


(4) Do not pour unused material back into 
original container. 
1-153, PREWEIGHED COMPOUNDS, 
1-154, Components of some compounds 
{generally in kit form) are preweighed for 
convenience and are to be mixed and used for 
one application. Test samples of these pre- 
weizhed compounds can he made if the followinz 
conditions oxist: 


a, Mixing ratios are known, 


b. Enough of the component exists for 
accurate weighing, 


c. Care is taken not to leave containers open 
lenger thin necessary, 


d, Material loss is minimized. 


Any container that cannot be resealed, should 
be placed ina container that is sealable. If the 
above steps cannot be met or when a kit is small 
enough to be expendable, use the whole kit 
rather than trying to rescal containern, 


1-155, CPR 2028 ISONATE FOAM (THE 
UPJOHN CO), 
1-156, LEADING PARTICULARS, 

a. Shelf Life. 3 months, 


b. Description, Two-part flexible polyethe: 


based polyurethane foam. 
c. Type Container. Part A: can; Part 3: can. 


d, Color. Part A: water white; Part B: 
water white, 


e. Consistency. Part A: pouruble; 
Part B: easily pourable. 


1-157. USABILITY TEST. 
WARNING 


The following procedure specifies 
polyurethane foam, the components 
of which, must not be allowed to con- 
tact any part of the body. Face shield 
and gloves must te worn by personnel 
handling polyurethane foam. Poly- 
urethane foam must be mixed and 
applied in a well-ventilated area 
since the vapors are extremely 
hazardous. Part A in the uncured 
condition can react as soon as the 
container is opened, In case of con- 
tact,the skin or eyes must be 
immediately flushed with water for 

at least 15 minutes and given medical 
attention. 


a. Test I, This test determines usability of 
uncured foam, 


(1) Precondition at 77° 25° F, curing agent 
from a batch known to have demonstrated curing 
ability, 


(2) Weigh out a 50-100 gram sample of 
uncured roam, and precondition foam at 
77° +5° F, 


(3) Add appropriate amount of precon- 
ditioned curing agent to preconditioned uncured 
foam sample. Mix thoroughly for one minute. 


(4) Allow the mixture to set for 2 hours at 
77° 25° F; then attempt to mix the catalyzed 
foam, 


(5) If mixture cannot be easily rixed, 
uncured foam is usable, 


(6) If mixture can be easily mixed, ancured 
foam has exceeded its maximuir usability life, 
Discard each tested container and additicnal 
containers from same lot number stored under 
the same conditions, 
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b. Test Il, This teat determines usability 
of curing agent. 


(1) Precondition at 77° +5° F, uncured 
foam from a batch known to have demonstrated 
curing ability. 


(2) Weigh out a 50-100 gram ee of 
curing agent and precondition at 77° +5° F 


(3) Add appropriate amount of precon- 
ditoned uncured foam to preconditioned curing 
agent sumple. Mix thoroughly for one minute. 


(4) Allow the mixture to set for 2 hours at 
77° 45° F; then attempt to mix the catalyzed 
foam. 


(5) If mixture cannot be easily mixed, 
curing agent is usable. 


(8) U mixture can be easily mixed, curing 
agent has exceeded its maximum usability life. 
Discard each tested container, and additional 
containers from same lot number stored under 
the game Conditions. 


1-158, CPR 302-1,5 ISONATE FOAM (THE 
UPJOHN COQ), 


1-159. LEADING PARTIC ULARS, 
a. Shelf Life. 6 months at 70° to 90° F 


b. Description. Two-part polyether rigid 
urethane foam, 


c. Type Container. Part A: can; Part B: 
can, 
d. Color. Part A: clear; Part B: brown. 


Consistency. Part A: syrup; Part B: 
thick, ‘pourable. 
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WARNING 


The following procedure specifies 
urethane foam, the components of 
which, must not be allowed to con- 
tact any part of the body. Face 
shield and gloves must be worn by 
personnel handling urethane foam. 
Urethane foam must be mixed and 
applied in a well-ventilated area since 
the vapors are extremely hazardoua. 
Part A in the uncured condition can 
react as soon as the container ts 
opened. In case of contact, the skin 
or eyes must be immediately flushed 
with water for at least 15 minutes 
and given medical attention. 


a, Test I. This test determines usability of 
uncured foam. 


(1) Precondition at 77° 45° F, curing agent 
from a batch known to have demonstrated 
curing ability. 


(2) Weigh out a 50-100 gram sample of 
uncured foam, and precondition foam at 
77° +5° F, 


(3) Add appropriate amount of precon- 
ditioned curing agent to preconditioned uncured 
foam sample, Mix thoroughly for one minute, 


(4) Allow the mixture to set for 2 hours at 
77° +5° F; then attempt to mix the catalyzed 
foam, 


(5) If mixture cannot be easily mixed, 
uncured foam is usable, 


(6) If mixture can be easily mixed, uncured 
foam has exceeded its maximum usability life. 
Discard each tested container and additional 
containers from same lot number stored under 
same conditions. 
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b. Test II. This test determines the usability 


of curing agent. 


(1) Precondition at 77° 45° F, uncured 
foam from a batch known to have demonstrated 
curing ability. 


(2) Weigh out a 50-100 gram sample of 
curing agent, and precondition curing agent at 
77° 45° FB, 


(3) Add appropriate amount of precon- 
ditioned uncured foam to preconditioned curing 
agent sample. Mix thoroughly for one minute, 


(4) Allow the mixture to set for 2 hours at 
77° +5° F; then attempt to mixt’ . catalyzed 
foam, 


(5) If mixture cannot be easily mixed, 
curling agent is usable, 

(6) It mixture can be easily mixed, curing 
agent has exceeded its maximum usability life. 
Discard each tested container, and additional 
containers from same lot number stored under 
same conditions, 


1-161, CPR 9811 POLYURETHANE FOAM 
(THE UPJOHN CO), 


1-162, LEADING PARTICULARS, 
a. Shelf Life. Indefinite, 


b, Description. Polvester-based flesiple 


polyurethane foam, 


c. Type Container. Buns; none; Sheets: 
boxes. 


d. Color, Charcoal. 
e. Consistency, Solid bun or sheet stock, 
1-163. USABILITY TEST, 


a. Remove foam from box (if applicable) and 
examine for damage, 


bh, If foam shows evidence of damage or 
contamination, discard material. 


c. If foam is not flexible, discard material. 


d. If foam crumbles when handled, discard 
material. 


e. If foam shows evidence of moisture 
absorption, attempt to dry it by squeezing and 
placing in an oven at 200° F for 2 hours (longer 
if necessary to completely dry material), 


f. If foam retains moisture, discard 
material, 


g. Retain material not rejected in steps b 
through f, 


1-164, C-328 RTV VITON ELASTOMER 
(CONNECTICUT HARD RUBBER CO), 


1-165. LEADING PARTICULARS. 
a. Shelf Life. 6 months. 


b. Description. Two-part high temperature, 
fuel, and chemical resistant cement, 


c. Type Container. Base: can; Curing 
agent: can, 


d. Color, Base: black; Curing agent: 
transparent. 


e. Consistency, Base: spreadable paste; 
Curing agent: vovrable. 


1-166, USABILITY TEST, 
WARNING 


Viton elastomer C-328 RTV is flam- 
mable and must not be used near heat, 
sparks, or open flame. It is toxic. 
Inhalation of its vapors or prolonged 
contact with the curing agent (catalyst) 
can cause serious bodily harm. In 
case of prolonged exposure, imme- 
diately obtain fresh air and wash skin 
with soap and water. 


a. Test fT. 
(1) Remove lids and check each component. 


Each component must be free of skins, lumps, 
and coagulation. 
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(2) Mix appro. siate amounts of components 


together. Both cumponernts must be capable of 
being mixed together to form a smooth, 
uniform compound. 


bv. Teast II. 


(t) If components are not rejected in 
Test I, thoroughly condition enough of both 
components at 77° 45° F for a 50-100 gram 
sample. 


(2) Mix the appropriate amount of curing 
agent with sample of the base compound. 


(3) Apply a thin uniform coating of the 
mixture to one surface of a flat, smooth clean, 
metal sample of conventent size, 


(4) Allow the coated metal sample to cure 
at 17° +5° F for 4 hours. 


(5) Touch the coating after curing. If the 
coating is tacky, discard the base reain and the 
catalyst. If the coating is not tacky, the base 
and catalyst have not exceeded their maximum 
usability life, and are usable. 


1-167. E£C1099 ADHESIVE (MINNESOTA 
MINING AND MFG). 


1-168. LEADING PARTICULARS. 
a. Shelf Life. & montha. 
b. Description, One-part adhesive. 
c. Type Container. Can. 
d. Color. Light tan. 
e. Consistency. Thin syrup. 
1-169. USABILITY TEST. 
WARNING 
Adhesive EC1099 is flammable and 
must not be used near heat, sparka, 
or open flame, It ig toxic. Inhalr- 
tion of its vapors or prolonged 
contact with the adhesive can cause 
gerious bodily harm. In case of 
prolonged exposure, immediately 


obtain fregh alr and vagh skin with 
soap and water. 
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a. Testl. 


(1) Remove lid and check edhesive. 
Adhesive must be free of skins, lumps, and 
coaguiations. 


(2) Apply adhesive to a smooth surface. 
Adhesive must flow in a thin, even coat. 


b. Test Th. 


{1) If adhesive is not rejected in Test I, 
apply a thin, even coat of adhesive to each 
surface of flat smooth samples to be bonded 
together. (The samples should be of materials 
recommended to be bonded by this adhesive and 
be flat and smooth. ) 

(2) Allow adheatve to dry to an agyres- 
sively tacky stage (evidenced by adhering but 
not transferring to the finger when touched); 
then join surfaces and roll or preas firmly to 
ensure contact. 

{3) If an agressively tacky stage cannot 
be attained or if an effective bond cannot be 
achieved from two samples joined together, 
the adhesive has exceeded ite maximum ugabllity 
life and must be discarded. 


1-170. EC1300 ADHESIVE (MINNESOTA 
MINING AND MFG). 


1-171. LEADING PARTICULARS. 
a. Sheif Life. 5 months. 
b. Description. One-part adhesive. 
C. Type Container. Can. 


d. Color. Yellow. 


e. Consistency. Thin syrup. 
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1-172. USABILITY TEST, 
WARNING 


Adhesive EC1300 is flammable and 
muat not be used near heat, sparks, 
or open flame. It is toxic. Inhala- 
tion of its vapors or prolonged 
contact with the adhesive can cause 
serious bodily harm, In case of 
prolonged exposure, immediately 
obtain fresh air and wash skin with 
soap and water, 


a. Test I. 


(1) Remove lid and check adhesive, 
Adhesive must be free of skins, lurnps, and 
coagulations. 


(2) Apply adhesive to a smooth surface. 
Adhesive must flow ina thin, even caat. 


b. Test I. 


(1) If adhesive is not rejected in Test I, 
apply a thin, even coat of adhesive to sample 
surfaces to be bonded together. (The samples 
should be of materials recommended to be 
bonded by this adhesive and be flat and smooth. ) 


(2) Allow adhesive to dry to an aggres- 
sively tacky stage (evidenced by adhering but 
not transferring to the finger when touched); 
then join surfaces and roll or press firmly to 
ensure contact. 


(3) If an aggressively tacky stage cannot 
be attained or if an effective bond cannot be 
achieved from two samples joined together, 
the adhesive has exceeded its maximum 
usability life and must be discarded. 

1-173, MIL-P-8585 PRIMER, 
1-174, LEADING PARTIE ULARS, 
na. Shelf Life, 12 months, 

b. Description. Zinc chromate primer. 
c, Type Container. Can, 

d. Color. Yellow. 


e, Consistency. Syrup. 


1-175, USABILITY TEST, 
WARNING 


Primer (MIL-P-8585) is flammable 
and must not be used near heat, 
Sparks, or open flame. It is toxic. 
Inhalation of its vapors or prolonged 
contact with the primer can cause 
serious bodily harm. In case of 
prolonged exposure, immediately 
obtain fresh air and wash skin with 
soap and water. 


a. Remove lid and check primer for separa- 
tion of components. Separation of components 
generally indicates the primer has exceeded its 
usability life, 


b. If separation has occurred, try to reblend 
mixture by carefully stirring or mechanically 
agitating the contents. 


c, Ifthe primer can be blended into a 
homogeneous mixture with little evidence of 
coarse particles dispersed throughout, it has 
not yet reached its maximum usability life and 
is usable. 


d. Ifa homogeneous blend cannot be obtained, 
the primer has exceeded its maximum usability 
life and must be discarded. 


1-176, PR-1532 POTTING COMPOUND 
(PRODUCTS RESEARCH AND CHEMICAL, 
SEMCO). 


1-177, LEADING PARTICULARS, 


a. Shelf Life. 6 months. 


b. Description. Two-part urethane sealant. 


c. Type Container, Part A; can; Part B: 
can, 
d, Color, Part A: gray; Vart B: white. 


e, Consistency. Part A: paste; Part B: 
spreadable thick paste, 
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1-178. USABILITY TEST. 


WARNING 


Potting comp 2und PR-1532 is toxic. 
Inhalation of its vapors or contact 
with the material can cause serious 
bodily harm, It must be used ina 
well-ventilated area, In case of 
contact, wash skin with soap and 
water, 


a. Test I. 


(1) Remove lids and check eaca cemponent, 
£ach component must be free of skins, lumps, 
and coagulations, 


(2) Mix appropriate amounts of components 
together, Both components must be capable of 
being mixed together to form a smooth, 
uniform compound, 


b. Test I, 


(1) If components are not rejected in 
Test I, thoroughly condition enough of beth 
components at 77° +5° F for a 50-100 cram 
sample, 


(2) Mix the appropriate amount of curing 
agent with sample of base compound, 


(3) Allow the mixture to cure at 77° 45° F 
for 4 hours, 


(4) If the catalyzed compound cannot be 
easily mixed after curing both components are 
usable. 


(5) Uf the catalyzed compound can be easily 
mixed, either the curing agent or the base 
material has exceeded its usability limit, and 
each component must be discarded. 


1-179. PR-1553 POTTING COMPOUND 
(PRODUCTS RESEARCH AND CHEMICAL, 
SEMCO). 

1-180, I-4ADING PARTICULARS, 
a. Shelf Life. 6 monthe, 


h, Description, Two-part urethane molding 
and potting compound, 
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c, Type Container. Part A: can; Part B: 
can, 


d. Color, Part A: black; Part B: light 
amber, 


e, Consistency. Part A: thick pourable; 
Part B: thick pourable, 


1-181, USABILITY TEST. 


WARNING 


Potting compound PR-1553 is toxtc. 
Inhalation of its vapors or contact 
with the material can cause serious 
bodily harm. It must be used ina 
well-ventilated area. In case of 
contact, wash skin with soap and 
water, 


a, Test I, 


(1) Remove lids and check each component, 
Each component must be free of skins, lumps, 
and coagulations, 


(2) Mix appropriate amounts of cornponents 
together. Both components must be capable of 
ing mixed together to form a smooth, uniform 
compound, 


b. Test I, 


(1) If components pass Test I, thoroughly 
condition enough of both components at 77° +5° F 
for a 50-100 gram sample. 


(2) Mix the appropriate amount of curing 
agent with sample of the base compound. 


(3) Allow the mixture to cure at 77° #5° F 
for 1/2 hour. 


(4) If the catalyzed compound cannot be 
easily mixed after curing both components are 
usable, 


(5) If the catalyzed compound can be easily 
mixed, efther the curing agent or the base 
material has exceeded {ts usability life, and 
each component must be discarded. 
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1-182. RBO120-017 SEALANT AND ANTISEIZE 
DISPERSION (ROCKETDYNE). 


1-183, LEADING PARTICULARS, 


a. Shelf Life. 2 months. 


ee 


b. Description. Special sealing and anti- 
seize dispersion material, 


C. ibe Contziner, Dispersion, plastic 
bottle; buffer solution, vial. 


ad. Color. Dispersion, milky white; buffer, 
clear, 


e, Consistency. Dispersion, thin, easily 
pourable; Laffer, thin, casily pourable. 
1-184, USABILITY TEST. 

a. Mix a sample of dispersion and buffer 
solutton pez instructions supplied with the kit; 
then check solution, If there are any signs of 
eoagulation or solidification, the dispersion 
and buffer solution have exceeded their maxi- 
mum usability life and must be discarued. 


b, If contents cannot be thoroughiy dispersed 
by shaking, dispose of solution, 


NOTE 
This solution has a Himited Hfe after 
buffer ts added and the 2-month 
usability life imposed by the speci- 
fication must he adhered to, 


1-184A, RBO120-034 GASKET SEALANT 
(ROCKETDYNE), 


11-1845. LEADING PARTICULARS, 
a. Shelf Life. 6 months, 


b, Description, One~part gasket sealing 
compound, 


c. Type Container. Can or bottle, 
d, Color, Aluminum. 


e. Consistency. Paste, 


1-184C, USABILITY TEST, 


a, Remove lid and check compound for signs 
of gelling, lumps, or hard settling, 


b, If compound shows signs of gelling, lumps, 
or hard settling, try to reblend compound by 
carefully stirring or mechanically agitating 
contents, 


c. If compound can be blended into a homo- 
geneous mixture with little evidence of coarse 
particles throughout, it has not yet reached its 
maximum usability life and is usable, 


d. If a homogeneous mixture cannot be 
obtained, the compound has exceeded its maxi- 
mum usability life and must be discarded, 


1-185, RTV-102 WHITE SEALANT (GENERAL 
ELECTRIC). 


1-186, LEADING PARTICULARS, 


6 months for ABO120-057, 
12 months for AB0i20-013, 


a, Shelf Life. 


b, Specification Ref. ABO120-057 and 
-_ ABO120-013. 


AB0120-057 supersedes ..B0120-013 for future 
procurement. RTV-102 white sealant conform- 
ing to specification AB0120-013 may be used 
until the supply is exhausted, 


ec, Description. One-part silicone adhesive, 
d. Type Container, Tube, 


e. Color, White, 


f, Consistency. Soft, spreadable, thick 
paste, 
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1-18%. USABILITY TEST, 

a. Reroaove cap and remove any cured or 
portially cured adhesive blocking or presani 
at tube opening. 


WARNING 


Widie sealant RTV-102 is flainmahble 
and roust not be used near heat, 
tparks, or open flame. It is toxin. 
Inhasatton of its vapors or ozolonged 
eontact with the sealant can cause 
serious hodtly haem, In ease af 
prolonged exnosure, immediately 
obtein fresh air and wash skin with 
soap and water. 


b. Squecze tube. If the adhesive cennot be 
squeezed out after frecing plugged opening, 
ciscard adhoslve. 


ce. Tf, when attempting ta squeeze out 
aduegive, the lube is punctured or ruptures, 
daseurd adliagive. 


d. ithe alaesive can be squeezed oul and 
luinps can be detected other than lumps from 
the plugged or partially plugged opening, 
discard adhesive, 


e, If the adhesive is not rejected by one of 
the above steps, the adhesive ig usable, 


«SR, RTV-106 RED SEALANT (GENERAL 
HLECTRIC), 
{-189. LEADING PARTICULARS, 


a, Shelf Lite, J2 menths, 


b. Description, Que-part ailleone adhes’ 4, 


ct, Type Contalner. Tube, 


Red, 


e. Consistency, Sot, cpreadable, thick 
paste, 
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1-190. USABILITY TEST. 


WARNING 


Red sealant RTV-106 is flammable 
and must not be used near heat, 
sparks, or open flame. It is toxic. 
Inhalation of ita vapors or prolonged 
contact with the sealant can cause 
Serious bodily harin. In cage of 
prolonged exposure, immediately 
obtain fresh air and wash shin with 
soap and water. 


a, Remove cap and remove any cured or 
partially cured adhesive blocking or present 
at tube opening. 


bh Squeeze tube. If the adhesive cannot he 
squeezed out after freeing plugged openiag, 
discard adhesive, 


c, Hf, when attempting to squeeze out 
adhesive, the tube is punctured or ruptures, 
discard adhesive. 


d, If the adhesive can be scueezed out and 
lumps can he detected other than lumps from 
the plugged or partiatly plugged opening, 
discard adheatve, 


c. Jf the adhesive {s not rejected by one of 
the ahove steps, the adhesive is usable, 


1-191, RTV-108 ADHESIVE SEALANT 
(GENERAL ELECTRIC). 
1-192, LEADING PARTICULARS, 


a. Shelf wife, 12 month, 


b. Description, One-part silicone adhesive. 
c. Type Comainer, Tube, 


d. Color, Transparent. 


e. Consistency, Solt, spreadable, thick 
pasate, 
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1-193. USABILITY TEST. 
WARNING 


Adhesive sealant RTV-108 is flam- 
mable and must not be used near 
heat, aparks, or open flame. It is 
toxic. Inhalation of its vapors or 
prolonged contact with the sealant 
can cause serious bodily harm. In 
case of prolonged exposure, imme- 
diately obtain fresh air and wash 
skin with soap and water. 


a. Remove cap and remove any cured or 
partially cured adhesive blocking or present 
at tube opening. 


b, Squeeze tube. If the adhesive cannot be 
squeezed out after freeing plugged opening, 
discard adhesive, 


c, If, when attempting to squeeze out 
adhesive, the tube ig punctured or ruptures, 
discard adhesive, 


d, If the adhesive can be squeezed out and 
lumps can be detected other than lumps from 
th» plugged or partially plugged opening, 
discard adhealye, 


«, ithe adhesive 1s not rejected hy one of 
the above steps, the adhesive is usable, 


1-194, RTV-615 SILICONE RESIN (GENERAL 
ELECTRIC), 
1-195. LEADING PARTICULARS, 

a. Shelf Life. 6 months, 


b. Description. Two-part silicone potting 
and encapsulating compound. 


e, ‘Type Container. Part A: can; Part B: 


d. Color, Part A: clear; Part B: clear. 


Consistency. Part A: easily pourable; 
Part B: pourable. 


1-196, USABILITY TEST. 
WARNING 


Silicone resin RTV-615 contains an 
alkaline catalyst that may cause burns. 
It must not be allowed to contact skin 
or clothes. In cage of contact, wash 
skin with soap and water and treat 
injured area as a burn. 


a. Test I. This test determines usability of 
uncured silicone rubber, 


(1) Precondition at 77° 45° F curing agent 
from a batch known to have demonstrated 
curing ability, 


(2) Weigh out a 50-100 gram sample of 
uncured silicone and precondition at 77° 45° F, 


(3) Add appropriate amount of conditioned 
curing agent to conditioned uncured silicone 
sample, Mix thoroughly for one minute. 


(4) Allow the mixture to set for 4 hours at 
"7° 45° F; then attempt to mix the catalyzed 
silicone, 


(5) If mixture cannot be easily mixed, 
uncured silicone 1s usable. 


(6) If mixture can he easily mixed, uncured 
silicone has exceeded its maximum usability 
life. Discard cach tested container and 
additional containers from same lol number 
stored under the same conditions. 


b, Test I, This test determines usitbility 
of curing agent. 


(1) Precondition at 77° +5° F uncured 
silicone from a batch known to have demon- 
strated curing ability, 


(2) Weigh out a 50-100 gram sample of 
curing agent and precondition at 77° 15° F, 


(3) Add appropriate ariount of conditioned 


uncured silicone to conditioned curing agent 
sample, Mix thoroughly for one minute. 
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(4) Allow the mixture to set for 4 hours 
at 77° +5° F; then attempt to mix the catalyzed 
silicone. 


(5) If mixture cannot be easily mixed, 
curing agent is usable. 


(6) If mixture can be easily mixed, curing 
agent hag exceeded its maximum usability life. 
Discard tested container and additional con- 
tainers from the game Ict number stored under 
the game conditiona. 


1-197, SS-4120 SILICONE PRIMER (GENERAL 
ELECTRIC), 


1~i98, LEADING PARTICULARS, 


a. Shelf Life. 6 months. Primer must be 
kept sealed and placed Ina cool, dark area 
during slorage. 


b, Description, Silleone primer. 
c. ‘Type Container. Wottle. 
d. Color, Clear, 
e. Consistency, Thin, easily pourable, 
1-199, USABILITY TEST, 
WARNING 


Silicone primer S$-4120 ta flam- 
mable and raust not be used near 
heat, sparks, ur open flame. It ia 
toxic. Inhalatlon of its vapors or 
prolonged contact with the primer 
can cause serious bodily harm. In 
cage of prolonged expoaure, immu- 
diately obtain fregh alr and wash 
skin with soap and water. 


a. Without shuking original contalner, care- 
fully pour a small amount of the liquid from the 
top of bottle into a clear, clean inspection 
container. 


b. If the primer appears to be a clear liquid, 


it can generally be conuldered not to have 
exceeded its maxiraum usability life, 
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c. If the primer appears to be a cloudy 
liquid, or if it appears to be clear but has 
precipitate suspended or settiing out, the 
peimer has exceeded {ts maximum usablliiy 
life and must be discarded, 


1-200, 
CORP), 


1200 RTV PRIMER (DOW CORNING 


1-201, LEADING PARTICULARS. 


a. Shelf Life, 6 months. 


b. ecification Ret. ST0120KB0043, 
c. Description, Silicone primer. 


d. Type Container. Bottle. 
e, Color, Red, 


f. Consistency, Thin, easily pourable. 
1-202. USABIJITY TEST. 
WARNING 


Primer 1200 RTV ts flammable and 
must not be used near heat, sparks, 
or open flame. It ig toxic. Inhala- 
tion of its vapors or prolonged contact 
with primer can causo serious injury. 
In case of prolonged exposure, imme- 
diately obtain fresh alr and wash skin 
with soap and water. 


a. Without shaking original container, care- 
fully pour a small amount of the Uquid from top 
of bottle into a clear, clean inspection 
container. 


b. Visually Inspect container. Uf primer 
appears to be a clear or slightly cloudy Mquid, 
it can generally be considered not te have 
exceeded its maximum taabillly Hie. 


ec. If primer in original container or 
inspection container has a milky appearance 
or any Signs of precipitation or precipitant 
(other than slightly cloutly), the primer has 
exceeded its maximum usability life and must 
be discarded, 
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1-203. 584 ADHESIVE (COAST PRO-SEAL). 


1-204. LEADING PARTICULARS. 


a. Shelf Life. 12 montha. 


b. Description. One-part adhesive. 
ce. Type Container, Can. 


d. Color. Tan. 


e. Consistency. Thin syrup. 


1-205. USABILITY TEST. 


WARNING 


Adhesive 584 is flammable and must 
not be used near heat, sparks, or 
open flame. {tis toxic, Inhalation 
of its vapors or prolonged contact 
with the adhesive can cause serious 
bodily harm. In case of prolonged 
expusure, immedlately obtain fresh 
air and wash skin with soap and 
water. 


a. Testl. 


(1) Remove lid and check adhesive. 
Adhesive must be free of skins, lumps, and 
coagulationa, 


(2) Apply adhesive to a smooth surface, 
Adhesive must flow in a thin, even coat. 


b. Test I. 


{1) If adhestve is not rejected in Test I, 
apply a thin, even coat of the adhesive to sample 
surfaces to be bondod together. (The sainples 
should be of materials recommended to be 
bonded by this adhosive and be flat and smootb. ) 


(2) Allow adhesive to dry to an aggres- 
sively tacky stage (evidenced by adhering but 
not traneferring to the finger when touched); 
then join surfaces and roll or press firmly to 
ensure contact. 


(3) If an aggressively tacky stage cannot 
be attained or if an effective bond cannot be 
achieved from two samples joined together, 
the adhesive has exceeded its maximum 
usability life and must be discarded. 


1-206, 92-018 AEROSPACE SEALANT (DOW 
CORNING CORP). 


1-207, LEADING PARTICULARS, 


a. Shelf Life, 12 months. 


b. Specification Ref, ABO120-013, 
c, Description, One-part silicone adhesive, 
d. Type Container, Tube or cartridge. 


e, Color, Black. 

f, Consistency. Soft, spreadable, thick 
paste. 
1-208, USABIUITY TEST, 

a, Retnuove cap and remove any cured or 
partlaliy cured adhesive blocking or present 
at container opening. 


b, Squeeze container. If adhesive cannot 
be squeezed out after frecing plugged opening, 
discard adhesive, 


c. If, when attempting to squeeze out 
adhesive, the container is punctured or rup- 
tures, discard adhesive, 


d. If the adhesive can be squeezed out and 
lumps can be detected other than lumps fro.n 
the plugged or partlally plugged opening, 
discard adhesive, 


e. If the adhesive is not rejected by one of 
the above steps, the adhesive is usable, 
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HANDLING 
WARNING 


THE FOLLOWING GROUND SUPPORT EQUIPMENT MUST BE OPERATED KY 
AUTHORIZED PERSONNEL TRAINED IN THE USE OF THE EQUIPMENT. 


G4044, Air Transport Engine Handler 
G4047, Engine Cover 

G4048, Thrust Chamber Pratective Cover 
G4049, Engine Vertical Installer 

G4050, Engine Rotating Sling 

G4041, Roadable Vertical Engine Dolly 


2-1. SCOPE. ‘This section describes the use 
of engine, thrust chamber, and nozzle extension 
har ling equipment and the preparation of the 
engine and thrust ehamber for maintenance. 
In addition ta the equipment described in this 
section, a 30, 000-pound monorail or bridge 
crane facility hoist capable of lifting the 
handling equipmert with the engine installed, 
is required, Only the operating personnel 
must de allowed in the immediate area wvhen 
equipment is suspended, 


2-2, ENGINE AND THRUST _ CHAMBER 


HANDLING EQUIPMENT. 
2-3. ENGINE COVER G4047. 


2-4, The engine cover, which encloses the 
engine during shipping or sturage, is two- 
piece and weatherproof. The cover is 
supported by a lightweight aluminum frame on 
the front part of the engine and vests directly 
on the aft end of the engine. 


2.5 REMOVING ENGINE COVER G4v47. 
(See figure 2-1, ) 


WARNING 


Engine Cover G4047 must be re- 
moved/inatalled by authorized 
personnel trained in the use of the 
equipment. 


CAUTION 
Adequate support of the cover must 


be maintained during removal, to 
prevent damage to the zipper. 


G4052, Engine Handler Sling 

G4054, Engine Vertical Sting 

G4C58, Engine Handling Dolly 

G4069, Engine Handler 

G4080, Nozzle Extension Handlin, Fixture 
G4081, Nozzle Extension Handling Adapter 


a. Provide support for engine cover, and 
unfasten straps on cach side and at rear of 
engine at gimbal outrigger and at truss plug. 
Unzip and remove lower half of engine cover. 


b. Store lower half of engine cover ina 
suitable container. 


c. Position fecilty hoist above engine. 
d. Using a suitable sling, carefully insert 
aling under upper half of engine cover (between 


frame and cover). 


e. Attach sling to facility hoist. Carefully 
lift cover from engine and store with lower half 


, of engine cover. 


NOTE 


Due to differences in the manu. 
facturer's installation of zippers 
on covers, the upper and lower 
covers must be retained a3 a set. 
For future procurement and 
rework of covers, the upper and 
lower covers have the same 
serial number. 


f. Loosen adjustment bolt on back of top 


frame at thrust chamber exhaust manifold 
flange. 
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Figure 2-1, Removing and Installing Engine Cover 
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gy. Using facility hoist, support weight of 
frame. Unstrap frame from engine at the follow- 
ing places: 


(1) No. 1 oxidizer inlet 
(2) No. 2 oxidizer inlet 
(3) Thrust chamber exhaust manifold 


h. Carefully hoist frame away from engine 
and lower to floor, 


CAUTION 


The engine cover lrames must 
he prepared for shipping or 
storage as outlined in steps 

i through k; otherwise, damayre 
to the frames could occur. 


1. Disconnect bottum frame from top frame, 
Stow attaching pins. 


j. Invert top frame and secure on shipping 
crate with metal straps, Use adequate padding 
between frame and erate to prevent damage. 


CAUTION 


Engine cover straps must not be 
used to attach the frame to the 
crate. Darnage to the straps may 
occur during shipment if the 
straps are used for this purpose. 


e Padded supports on the bottom 
frame must be facing up to pre~ 
vent damape to supports. 


k, Tavert bottom frame and secure to top 
frame. Use adequate padding between frames 
to prevent damage. 
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2-6. INSTALLING ENGINE COVER G4047. 
(See figure 2-1.) 


a. Using facility hoist, position frame on 
engine and strap to engine at the following 
points: 


(1) Na. 1 oxidizer inlet 
(2) No. 2 oxidizer inlet 
(3) Thrust chamber exhaust manifold 


b. Adjust forward support, as required, to 
obtain a good fit between engine and frame. 


c. Tighten adjustment holt located on aft 
support of top frame at thrust chamber exhaust 
manifold, until snug. Torque jamnut to 160-210 
In-Ib, 


d. If engine cover has not been reinforced to 
prevent chafing, use pressure-sensitive tape 
(Federal Specification PPP-T-80) to secure a 
single layer of 1/4-inch-thick Ethafoam (Dow 
Chemical Co) around rounded corners of 
engine cover frame, around truss yokes, and 
over truss yoks attaching points at thrust cham- 
ber exit flange. Add this protection to any 
other engine areas that may cause chafing of 
engine cover, 


e. Spread upper half of engine cover on floor 
over a suitable sling. Attach sling toa haist. 


f, Using hoist, carefully position upper half 
of engine cover over frame on engine. 


gy. Carefully remove sling from beneath 
cover. 


h. Posttion lower half of engine cover beneath 
engine. 


CAUTION 


The forward zipper must be closed 
while the aft zippers are open, to 
prevent zipper damage when in- 
stalling covers. 
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i. Support and zip lower half of engine cover 
to upper half of engine cover. 


j. Fasten straps on each side and rear of 
engine at gimbal outrigger and at truss plug. 


2-7. THRUST CHAMBER PROTECTIVE 
COVER G4048. 


2-8. The thrust chamber protective cover pro- 
tects the thrust chamber tubes from damage. 
The cover must be installed at all times except 
during an engine firing or when a test or main- 
tenance procedure requires its removal. 


2-9, REMOVING THRUST CHAMBER PRO- 
TECTIVE COVER G4048. Unfasten buckles and 
straps, and remove protective cover. 


2-10. INSTALLING THRUST CHAMBER PRO- 
TECTIVE COVER G4048. Position protective 
covers on thrust chamber as directed by In- 
structions stamped on cover, Secure buckles 
and straps, 


2-11. ENGINE ROTATING SLING G4050. 
2-12. The engine rotating sling is capable of 


lifting and rotating either the engine or the 
thrust chamber. The sling has six different 

load conditions (figure 2-2), indicated by a one- 
inch-wide black strip on the underside of the 
beam with corresponding numbers on cach side 
of the beam. An Instruction plate attached to 

the control cable just above the control station 
lists the six strip positions and briefly describes 
load conditions for each position. Engine 
rotating slings incorporating MD3 chanyre have 
600 pounds of ballast added to the forward end 

of the beam, a tire bumper installed at the aft 
end of the beam, and seven load-condition strips. 
Engine rotating slings incorporating MD4 change, 
include a number eight position on the beam for 
Hfting a vertical engine with actuators attached. 
An arrow on the carriage drive bracket isalined 
with numbered strip positions on the beam for 
load conditions as follows: 


a.» Number 1 for lifting and lowering thrust 
chamber in vertical position. 


b. Number 2 for lifting and lowering engine 
in vertical position, 


c. Number 3 for attaching or removing sling 
from vertical thrust chamber or engine. 


Change No. 3 - 18 June 1970 2-3 


Section II R-3896-3 
Paragraph 2-13 Volume I 


CARKLAGE DRIVE 
BRACKET— 


‘ 


$ 


Oe 
: 
if Lia li 
raf, STRUCTIONS 
~~ te 


ALIGN PUDNTEIG WITH Db KEL 
{4 CONDITION SLHBHtELD 
ST 


ig 
‘ ie CWAMHP VOHTIC AD TURE 
Ont 
ENGINE VERTICAL 1 IF? 


SEING VERTICAL ATTACH 


af SUING TUASPUIT & 
USS HUW LZONTAL LIFT 
eb. 
é SEENG NUMEZONTAL ATTAEH 
(J sues INCORPORATING MDI CHANCE PAGINE & C HAMGIESL 


HU TZONTAT LEE 
2} stancs INCORPORATING MD4 CHANGE 


OPERATING 
INSTRUCTIONS 


“ ALIGN PULTE Ch CARR Lat 
INSTRUCTION WITH NUGERLD MUU DGS Gh 
PLATE BLAM 


LUFT-VEIKPILAL CHAMBEK 
CONTROL LUPT-VEXT ICAU ENG ONT 
SIDMG ATTACH OH DITACH - 


2 sa eae VERTICAL EXGINE DH CIEAMBEK 


LUbT-SE ING HUTAONTAL 


SLING ATTACH GR URTAC I + 
HORIZONTAL FRG INE 


LIFT-HURIZONTAL ENG INE 
OH CHAMBEK 


SLIM: ATTACH Gt DETACH - 
BRGIAT THANSPUR? ATRL TM DE 


LIFT-SEHTICAL ENG IAT - 


= a 
N 
~~ ACTUATORS ATTAC HID 
SS 
8 (2) 


OPERATING 
INSTRUCTIONS 


AL lun POINTIN UN CARH LAGE 
WICH NLMAERE! MARKINGS 0S 
BRAY 


1 LUD E-VESUTICAL £ tAMBbIe 
2 LAP T-VEOPICAL PXGINE 


SEUNG ATRACH GO DETACH - INSTRUCTION 
WHANICAL ERG INE GH CHASE ‘ PLATE 


TIF T-S1 Eh NON T/ONTAS 


SLING ATTACH OR DETACH » ; CONTROL 
HOLLZUN TAL ENGINE ; STATION 


LIPT-HONIZON TAL ENGINE 
“HK 


SUIN ATTACH OR OLETACH - 
ENGINE TAs" Pat ATTEN UP 


F1-3-1-50A 


Figure 2-2, Isngine Rotating Sling Load Condition Numbered Strip Positions 


d. Number 4 for transporting, Hfting, and 
lowering sling, 


e. Number 5 for altaching and removing sling 
from a horizontal thrust chamber or engine. 


f. Number 6 for lifting and lowering a thrust 
chamber or engine in horizontal position, 


g. Number 7 for attaching and: — ching 
sling where engine is in 7-degret c.. ed-down 
position (engine rotating slings incorporating 
MD3 change only), 


gA. Number eight for lifting a vertical engine 
with actuators attached (engine rotating slings 
incorporating MD4 change). 
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2-13, REMOVING ENGINE ROTATING SLING 
G4050. (See figure 2-3.) 


NOTE 


The load condition numbered strip 
positions noted in this procedure 
are used for initial positioning of 
the engine rotating sling beam. 
Minor adjustments of the beam to 
either side of a strip position may 
be required to level the load, 


a. Lower facility hoist hook to relieve ten- 
sion, and position sling carriage to load con- 
dition No. 3 strip position for engine or thrust 
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Figure 2-3. Removing and Installing Engine Rotating Sling 
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chamber vertical position, No. 5 strip position 
for engine or thrust chamber horizuntal posi- 
tion or {on engine rotating slings incorporating 
MD3 change) No. 7 strip position for engine in 
transport attitude; then resume te,sion on sling. 


CAUTION 


Step a must be performed prior 
to steps b through d, sinee the 
incorrect lift point with respect 
to the center of gravity will 
cause the sling beam to swing 
toward the engine, possibly 
damaging the heat exchanger, 


b. Remove locxpin that secures sling strul 
collar to stud at sling forward end. 


c. Remove Iockpin that secures Sling strut 
to adapter 9017823, Remove tockpin that 
secures adapter to oxidizer dome clevis, and 
stow adapter on sling. 


d. Remove lockping that secure clevises to 
aft lift arms of sling. 


e, Using facility hoist, carefully move sling 
away from engine or thrust chamber. 


f, Make sure engine rotating sling 1s holsted 
to a suffictent height to allow sling beam to be 
positioned to load condition No. 4 strip position 
without ipterference, 


g. Press sling contro] station FORWARD or 
REVERSE button, as applicable, to position 


sling beam to load condition No. 4 strip position. 


h. Using facility holst, lower sling to floor, 
and lock sling wheel brakes. 


i. Install clevises on aft Hft arms, and stow 
sling strut, 


NOTE 
The facility hoist hook must be 


lowered and repositioned as step j 
{s performed. 
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j. Press sling control station FORWARD 
button, and position sling carriage to load con- 
dition No. 6 strip position. 


k. Disconnect facility hoist hook from sling 
lifting lug, and secure facility hoist. 


l. Press sling control station REVERSE 
button, and position sling carriage to load con- 
dition No. 4 strip pusition. 


m, Turn off sling facility electrical power 
source, and disconnect electrical cable from 
facility power source. 


n, Reel in and secure sling electrical cable, 
and install tow bar on sling. 


o. If chermal insulation bracketry is installed, 
relnstall assembled collars and brackets at 
turbopump trunnions. Torque nuts at bracket to 
68:7 in-lb. Install washer and trunnion 
Nits. Torque trunnion nuts to 825 +10 in 2. 


2-14, 
G4050. 


INSTALLING ENGINE ROTATING SLING 
(See figure 2-3.) 


NOTE 


The load condition numbered 
strip positions noted in this 
procedure are used for initial 
positioning of the engine rota- 
ting sling beam. Minor adjust- 
ments of the beam to either side 
of a strip position may be re- 
quired to level the load. 


a. Position engine rotating sling beneath 
acility holst that is capable of lifting 30,000 
pounds. 


b. Remove tow bar from sling. 


c, Connect sling electrical cable to facillty 
electrical power source (440-volt, 3-phase, 
60-cycle, 15-ampere) utilizing handle 
RPE417-002K069D and connector 
RPX317-912S04A (Crouse-Hinds). Turn facility 
electrical power source on. 


d. Press sling control statlon FORWARD 
button, and position sling carriage to load 
condition No. 6 strip position. 
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e. Connect facility hoist hook to sling lifting q. Reposition sling beam, as required, to 
lug. mate sling strut collar with stud at sling for- 
NOTE ward end. Secure with attaching lockpin. 
The facility hoist hook must be raised 2-15. ENGINE VERTICAL SLING G4054, 
and centered over the sling bearn as 
step f is performed. 2-16. The engine vertical sling Nfts the engine 


or thrust chamber in the vertical position. Pro- 

cedures for using the vertical sling with a thrust 

chamber are identical to these procedures ex~ 

cept that the two stowed sling links are installed 
g. Remove sling strut from stowed position between the two short cables of the sling lift 

on sling. ring and the corners of the sling spreader bar. 


f. Press sling control station REVERSE 
button, and position sling carriage to load con- 
dition No. 4 strip position, 


h. Reiove clevises from sling aft lift arms. 2-17, REMOVING ENGINE VERTICAL SLING 
i. Using facility hoist, raise sling until sling G4054. (See figure 2-4.) 

beam can be rotated to all positions without in- 

terference. a, Using facility hoist, take up slack on 


: : ' sling. 
j. If (hermal insulation bracket assemblies 8 


are installed on engine, remove outboard trun- i 
nion nuts and washers. Remove serrated col- 
lars and brackets as assemblies. Retain for 


Remove lockpins and bushings from gimbal 
outrigger clevis and sling leg bracket. 


reinstallation. 
c. Remove lockpin that secures lift plate to 
k. If attaching sling to a horizontal engine or adapter 6017823, Remove lockpin that secures 
thrust chamber, press sling control station FOR- adapter to oxidizer dome clevis, and stow 
WARD button and position sling beam to load adapter to sling. 
condition No. 5 strip position. 
l. If attaching sling to engine in engine ad. Slowly raise sling from engine. 
lowered position on slings Incorporating MD3 
change, press sling control station FORWARD e. Move sling away from engine and lower to 
button and position sling beam to load condition position for removal from facility hoist. 
No. 7 strip position. 
2-18. INSTALLING ENGINE VERTICAL SLING 
m. If attaching sling to a vertical engine or G4054, (See figure 2-4.) 
thrust chamber, press sling control station 
REVERSE button, and position sling beam to a. Attach sling lift ring to facility hoist that 
load condition No, 3 strip position. is capable of lifting 30,000 pounds. 


mA. If engine is to be rotated to horizontal 
position, purge oxidizer pump seal as outlined 
in paragraph 2-20C. 


b. Position sling over engine. 


c. Slowly lower sling so that the 2 brackets 
on ends of sling legs mate with gimbal outrigger 


n. Using facilily hoist, position sling on en- eisele. 


gine or thrust chamber and carefully mate aft 
lift arms with turbopump mount pins. Readjust- 4 


Insta Sea f 
ment of the sling beam may be necessary. natal bushings and lockpins through 


matched holes in gimbal outrigger clevis and 


o. Install clevises, securing alt lift arms to aling leg bracket. 


turbopump mount ping with attaching lockpins. e. Position sling so that lift plate matches 
attach point at engine oxidizer dome. 


cleyis with lockpin. Secure sling strut to 
clevis with lockpin. Secure sling lift plate to 
adapter with lockpin. adapter with lockpin. 
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Figure 2-4, Removing and Installing Engine Vertical Sling 


CAUTION 


If sling links are installed between 
the frame and lift ring when lifting 
the engine, misalinement of the en- 
gine and damage to the links can 
result. 


g. Using facility hoist, slowly raise engine 
or thrust chamber just enough to determine 
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correct sling Hft adjustment. Install lift cable 
at appropriate hole in Hft plate for level lift. 


2-19. HANDLING ENGINE OR THRUST CHAM- 
BER FOR MAINTENANCE. 


2-20, The engine or thrust chamber is handled 
from the horizontal or vertical position and 
rotated from or to the horizontal or vertical 
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position. Engine Rotating Sling G4050 ia used 
to handle the engine or thrust chamber in either 
the horizontal or vertical position and rotate 
them to either position. Engine Vertical Sling 
G4054 is used to handle the engine or thrust 
chamber in the vertical position. The engine 
or thrust chambe. may be installed on Engine 
Handler G4069, on Engine Handling Dolly 
G4058, or on Air Transport Engine Handler 
G4044 when maintenance is performed. Air 
Transport Engine Handler G4044 supports the 
engine for shipping and for maintenance. The 
engine {is installed on Roadable Vertical Engine 
Dolly Gd051 for interfacility transport only, 
Remove engine covers and closures only as 
required to perform handling and maintenance 
tasks, Apply lubricating oil (Federal Specifi- 
cation VV-L-800 to machined areas of thrust 
chamber outriggers, turbopump mounts, and 
inside bearing surface of lower thrust chamber 
lug if ofl was removed during handling. 


2-20A. ENGINE PURGE REQUIREMENTS. 


2-20B. The oxidizer pump seal inust be purged 
any time the engine ig rotated from the vertical 
to the horizontal position and whenever the 
engine is lowered from the engine horizontal to 
the engine lowered position. When rotating 
engine from vertices] to horizontal position, 
purge oxidizer pump seal during rotation and 
for a minimum of 30 minutes after rotation, 
When lowering engine from engine horizontal to 
engine lowered position, maintain purge 
throughout lowering procedure. 


2-20C. PURGING OXIDIZER PUMP SEAL. 


a, Verify that closures are removed from 
nitroven overboard and oxidizer overboard 
drain lines. 


b. Remove pressure cap from oxidizer pump 
seal purge interface connect point, and connect 
a source of gaseous nitrogen (MIL-P- 27401) 
capable of supplying 80 +20 psig. 


c. When rotating engine from vertical to 
horizontal position, purge oxidizer pump seal 
as follows: 


(1) Turn on purge before rotating engine. 
Verify purge cperation and that pressure is 
80 +20 psig. 
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(2) Maintain purye during engine rotation 
and for a minimum of 30 minutes with engine in 
horizontal position. 


(3) Turn purge off, disconnect gaseous 
nitrogen supply, and install closures on over- 
board drain lines and interface connect point. 


d. When lowering engine from engine hori- 
zontal to engine lowered position, perform 
Steps a and b. 


e. Turn on oxidizer pump seal purge before 
lowering engine. Verify purge operation and 
that pressure is 80 320 psig. 


f. Maintain purge during lowering operation. 


g. Turn purge off, disconnect gaseous nitro- 
gen supply, and install closures on overboard 
drain lines and interface connect point. 


2-21. AIR TRANSPORT ENGINE HANDLER 
G4044. 


2-22, The alr transport engine handler ts used 
to support the engine when it Is transported by 
alr or truck and during maintenance. 


2-23. RAISING ENGINE TO ENGINE 
HORIZONTAL POSITION ON AIR TRANSPORT 
ENGINE HANDLER G4044. (See figure 2-5, ) 


a. Make certain that wheels of handler are 
alined fore and aft and that brakes are unjocked. 


lb. Remove engine cover as outlined in 
paragraph 2-5, 


c. Install engine rotating sling on engine as 
outlined in paragraph 2-14. 


CAUTION 


The engine must not be lifted at this 
time since damage to the engine can 
result. 


d. Press sling control station FORWARD 


button, and position sling beam to load condition 
No. 6 strip position. 
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CAUTION 


rvg braces must not be Joosened or 
adjusted since damage to the load 
compensato' Ipring on the truss can 
result, 


e. Loosen turnbuckles, and remove lockpins 
that secures turnbucklus to lower aliach pelnt on 
Nandler. 


CAUTION 


The engine inayat not be raged bigher 
than 15 inchs while the handler truss 
is senureyu to the frame sunce caniage 
te the engine ana egtipment ean re- 
sult. 


f. Using facility hoist. slowly raise front end 
of engine, Do not exceed a maxironr of 16 
inches, méastred at socket support block and 
suport hiock. 


f. More rocket sinport plecks to BLOCK 


LOCATION ENGINE HORIZONTAL (aft position). 


h. Remove struts from stored pusijion on 
handler and place. on sceeket support Wlocks in 
verticn] position. Secure ieft strut to handler 
with sway bar and lockpin. 


CAUTION 


The fall weight of dhe eyeing inurt 
not be aiicweed to rest or the struts 
until] the durnbuckles are attached. 


1, Using facility heist, slowly lower engine 
vith] suport blochs ave ip full contact with 
4tcuts, 


|. Aftach durnbuckies to hundlee upper attach 
pomt with lockpins, 


k. Surque turnbuckios to 60.70 ft-Jb and 
jara nuts to 3ss--460 in- ih, 


I, Remove engine rotating sling ag outlined 
In paragraph 2-13. 
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2-24, LOWKiid ENGINE TO ENGINE 
fOWF RED POSITION ON AIR TRANSPORT 
ENGINE HANDLER G4044, (See figure 2-4, ) 


a, fMuhe certain that wheels of handler are 
alined fore und aft and that brakes are unlocked, 


b. Install engine rotating aling on engine ag 
outlined in paragraph 2-14. 


bA. Purge oxidizer pump seal as outlined in 
paragraph 2-20C. 
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c. Press sling control station FORWARD 
button, and position sling carriage to load con- 
dition No. 6 Strip position. 


CAUTION 


The engine and air transport en- 
gine handler must not be Hfted 
since damage to the engine can 
result, 


d. Using facility hoist, support weight of 
engine on sling. 


CAUTION 


Drag braces must not be loosened 
or adjusted since damage ty the 
load compensator spring on the 
truss can result. 


e. Loosen turnbuckles and remove lockpins 
that secure turnbuckles te upper attach point on 
handler. 


f. Prior to .ifting engine, station a man to 
remove right-hand strut; then slowly raise en- 
gine to clear struts. 


g. Remove and stow right-hand strut, left- 
hand strut, and sway bar. 


h. Position socket support blocks to BLOCK 
LOCATION ENGINE LOWERED (forward posi- 
tion). 


ji. Using facility hoist, slowly lower engine 
onto support blocks. 


j. Aline turnbuckles with lower attach poinis 
on handler; secure with lockpins, and torque to 
60-70 ft-lb. Torque turnbuckle jamnuts to 
340- $60 in-1b. 


k. Remove engine rotating sling as outlined 
in paragraph 2-13. 


l. Install engine cover as outlined in para- 
graph 2-6. 


2-25. REMOVING ENGINE FROM AIR TRANS- 
PORT ENGINE HANDLER G4044. (See figure 
2-8.) 

CAUTION 


The engine must not be removed 
from the air transport engine 
handler in any position other than 
the engine horizontal position 
Since da nage to the equipment can 
result. 
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NOTE 


The load condition numbered 
strip positions noted in this 
procedure are used for initial 
positioning of the engine 
,otating sling beam. Minor 
adjustments of the beam to 
either side of a st-ip position 
may be required !o level the 
load, 


a. Make certain that wheels of handler are 
alined fore and aft and that brakes are unlocked, 


b, Remove engine cover as outlined in nara- 
graph 2-5, 


c. Instath engine rotating sling om cngine as 
outlined in paragraph 2-14. 


d. Raise engine to engine horizontal position 
as outlined in paragraph 2-23. 


CAUTION 


The engine must nol be lifted at 
this time since damage to the 
engine can result. 


e. Press sling control station FORWARD 
button, position sling carriage tu load candition 
No. 6 strip position, and support weight of en- 
gine with sling, 


f. Loosen turnbuckles, and remove lockpins 
that secure turnbuckles to support blucks. 


g. Loosen drag braces, and remove lockpins 
that secure drag braces to support blocks. 


h. Remove lockpin at rear support. Toosen 
and remove screw thal secures truss to handler, 


i. Remove gafety pin from truss plug. 


j. Prior to performing step k, station a man 
to remove right-hand strut when enyine weight 
is removed. 


k. Using facility hoist, carefully Hft engine, 
and remove and stow right-hand strit. Raise 
engine witli) engine clears hander, and move en« 
gine away from handler. 
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[, Attach a facility hoist and sling that is ca- 
pable of lifting 250 pounds, to truss. Connect 
Sling to painted lift points on truss. 


m. Using facility hoist, support weight of 
truss, and disconnect truss compensator linkage 
from bottom of thrust chamber exit ring. 


n. Remove the 4 bolts that hold yokes to en- 
gine, Remove truss from engiiue, and remove 
yokes from truss. 

NOTE 


Steps o through y secure the 
handler, 


o. Using facility hoist, lower truss into 
stowed position on handler. 


p. Disconnect and secure sling and facility 
hoist. 


q. Install clamps that secure truss to handler. 


Install attaching nut on truss compensator link- 
age. 


r. Remove bolts that secure blocks and 
clamps on thrust chamber exit flange. Remove 
blocks and clamps. 


s. Attach clamps to yokes. Stow yokes on 
handler, 


t. Rernove Jockpin that secures left-hand 
strut sway bar to handler, Stow strut and sway 
har, 


u. Position socket support blocks ta BLOCK 
LOCATION ENGINE LOWERED (forward posi- 
tion), 


vy. On engine, loosen support block wedge 
screw locknut. Back out screw, relieving ten- 
sion on attaching pin. 


w. Remove pins and support blocks from 
gimbal outriggers. Reinstall pins in support 
blocks, 


x, Position support blocks in socket support 
blocks on handler. 


y. Connect drag braces and turnbuckles to 


support blocks with attaching pins, and attach 
turnbuckles to lower attach points on handler. 
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2-26. INSTALLING ENGINE ON AIR TRANS- 
PORT ENGINE HANDLER G4044. (See figure 
2-5, ) 


CAUTION 


The engine muat not be inatalled on 
the air transport engine handler in 
anv position other than the engine 
horizontal position since damage to 
equipment can result. 


NOTE 


The load condition numbered strip 
positions noted in this procedure 
are used for initial positioning of 
the engine rotating sling beam. 
Minor adjustments of the beam to 
either side of a strip position may 
be required to level the load. 


a. Install engine rotating sling as outlined in 
paragraph 2-14. 


aA. If engine is to be rotated from vertical 
to horizontal position, purge oxidizer pump seal 
as outlined in paragraph 2-20C. 


b. Position air transport engine handler so 
that engine can be installed. Make certain that 
wheels of handler are alined fore and aft and 
that brakes are unlocked. 


ec. Press sling control station button as appli- 
cable, and position sling beam to load condition 
No. 6 strip position. 


d. Using facility hoist, lower engine until 
truss can be installed on thrust chamber without 
use of special stands. 


e€. Remove yokes from stowage on air trans- 
port engine handler. . 


{. Retmove clamps from yokes. 


g. Place clamps on thrust chamber exit 
flange at the 9, 10, 12, and 13 holes located 
above and below centerline of engine. In each 
clamp installation, insert pin without carn, in 
hole first. Adjust cam ping to fit remaining 
holes, 


h. Secure each clamp witha block, and 
torque block bolt to 300 +25 in-Jb. 


1, Remove nut from truss compensator link- 
age. Remove lockpins that secure truss to 
handler. 
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j. Attach to truss a facility hoist and sling 
that is capable of lifting 250 pounds. Connect 
sling to painted Jift points on truss. 


k. Using facility hoist, remove truss from 
handler. Suspend truss at aft end of engine, 


1 Tustall yokes on truss, and secure with 
lockpins, 


m. Position truss so that upper ends of yokes 
can be secured to upper clamps on thrust cham- 
ber exit flange. Secure yokes to clamps with 
4 bolts. Torque bolts to 300 +25 in-l]b, 


n. Secure lower ends of yokes to lower 
clamps, adjusting yoke cams as necessary. 
Torque bolts to 300 +25 in-Ib, 


o. Position truss ina sideways direction 
relative lo vokes until a minimum clearance of 
0.25 inch is obtained between either one of the 
yokes and shoulder of truss. Maintain this 
clearance when mating truss with handler 


(step x). 


p. Insert truss compensator linkage through 
hole in thrust chamber exit ring, and install 
nut, securing linkage to exit ring. Torque nut 
to 40-50 in-lb, 


q. Remove support blocks from handler and 
install on gimbal outriggers. 


r. Torque support block wedge screws tv 
25-40 ft-lb and secure with nuts, and torque 
(wedge screw jamnuts to 100-140 in-lb. ) 


s. Position socket support blocks to BLOCK 
LOCATION ENGINE HORIZONTAL (aft position). 


t. Remove teft-hand strut and sway bar from 
stowed position and position in socket support 
block. Secure sway bar to handler with attached 
pin. 


u., Remove right-hand strul from stowed 
position and prepare to install as engine is 
lowered, 


v. Remove pin and screw from truss support 
on aft end of handler, 


NOTE 
Installing engine on handler re- 
quires a minimum of three men 


to monitor the lowering of the 
engine. 


w. Using facility hoist, position engine over 
handler, 


CAUTION 


The drag braces on the handler 
must nof be used for adjusting 

the position of the truss: other- 
wise, damage to the equipment 
may occur. 


x. Make certain taat minimum clearance of 
0,25 inch between cither one of the yokes and 
shoulder of truss obtained in step o is main- 
tained: then aline plug with hole in truss support. 
Aline left-hand strut with support block: aline 
right-hand strut with support block and socket 
support block. Slowly lower engine until engine 
engages handler. Support weight of engine with 
sling. 


y. Install screw that secures truss plug in 
truss suppoit, Torque screw to 26-40 in-lb and 
secure with attached lockpin. Install safety pin 
in truss plug. 


z. Using facility hoist, lower entire weight 
of engine on handler. Check that truss compen- 
sator linkage is in approximately neutral posi- 
tion, 


aa. Adjust drag braces and attach to support 
blocks with lockpins, Torque drag brace 
jamnuts to 75-100 ft-lb. 


ab. Install turnbuckles between support blucks 
and upper attach poin's on handler. Torque 
turnbuckles to 60-70 \t-lb and jamnuts to 340-460 
in- lb. 


ac. Lower facility hoist to relieve tension. 


ad. Press sling control station REVERSE 
button, and position sling carriage to load con- 
dition No. 5 strip position, 


CAUTION 


Step acl must be performed prior 
to step ae: otherwise loading at 
the incorrect lift point (with 
respect to the center of gravity) 
would swing the sling beam 
toward the engine, causing 
possible damage to the heat 
exchanger, 


ae. Remove engine rolating sling as outlined 
in paragraph 2-13, 
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2-27, ENGINE HANDLER G4069. 


2-28, The engine handler is used to support 
and move the engine in a horizontal position 
within assembly buildings, repair shops, or 
hangars during engine buildup and maintenance. 
The handler accommodates the complete 
engine, including nozzle extension and pimbal 
actuators. The handler is not designed for 
transporting the engine on another vehicle. 
When there is considerable distance between 
points of use, the handler itself must be trans- 
ported on another vehicle. 


2-29, REMOVING ENGINE FROM ENGINE 
HANDLER G4069. (See figure 2-6. ) 


NOTE 


The load condition numbered strip 
positions noted in this procedure 
are used for initial positioning of 
the engine rotating sling beam. 
Minor adjustments of the beam to 
either side of a strip position may 
be required to level the load. 


a. Install engine rotating sling on engine as 
outlined in paragraph 2-14. 


CAUTION 


The engine must not be lifted at this 
time since damage to the engine can 
result. 


b. Press sling control station FORWARD 
button, and position sling carriage to load con- 
dition No. 6 strip position. Support weight of 
engine with sling. 


c. Loosen guy turnbuckle until tension is 
relieved, 


d. Remove nuts that secure guy to fittings on 
each side of engine. Remove guy. 


e. Before performing ctop f, station a man 
to remove right-hand support whea engine 
weight is removed. 


f. Using facility hoist, carefully lift engine 
until pin can be removed from thrust chamber 
lug and thrust chamber support clevis. 


g. Using facility hoist, carefully move 
engine and sling away from handler. 


h, Remove fittings from each side of thrust 
chamber body. 


I. Store all items as placarded on handler. 
Tighten fitting storage bolts firmly. 


2-14 Change No. 4 - 8 October 1970 


R-3896-3 
Volume I 


j. Install closure on thrust chamber fitting 
pads. Lubricate bolts with lubricant grease 
RBO140-012 (Rocketdyne). Apply lubricant 
using Method A outlined in section I, Torque 
bolts fingertight plus 1/4 turn. 


2-30. INSTALLING ENGINE ON ENGINE 
HANDLER G4069. (See figure 2-6.) 
NOTE 

The load condition numbered strip 
positions noted in this procedure 
are used for initial positioning of 
the engine rotating sling beam. 
Minor adjustments of the beam to 
either side of a strip position may 
be required tu leve! the load. 


a. Install engine rotating sling cn engine is 
outlined in paragraph 2-14. 


aA. If engine is to be rotated from vertical 
position to horizontal position, purge oxidizer 
pump seal as outlined in paragraph 2-20C. 


b, Position engine handler so that engine can 
be installed, 


c. Pr: ss sling control station FORWARD 
buttcn, and position sling beam to load condi- 
tion No. 6 strip position. 


d. Using facility hoist, carefully lower 
engine until fittings can be installed. 


e. Remove closures from thrust chamber 
mount pads and install fittings in mount pads. 
Cross-torque bolts to 200-270 ft-Ib. 


f, Loosen double nits on thrust chatnber sup- 
port clevis, and install front support and brace, 
right-hand support, left-hand support and strut, 
and turnbuckle end of guy on handler. 


NOTE 


To improve alinement or roll of en- 
gine to handler, handler right-hand 
aft support may be adjusted. If 
additional adjustment is required, 
handler left-hand aft support may Ve 
adjusted simultaneously with its s.rut, 


g. Using facility hoist, lower engin’ until 
pin ean be inserted to secure thrust cramber 
lug to thrust chamber support cleyis. Raise 
and aline clevis fo mect Jug on front cf thrust 
chamber when engine is lowered. 


h. Tighten inner nut fingertight or. thrust 
ehamber support clevis. Lock inner nut in 
place with outer nut. 
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Figure 2-6, Removing and Installing Engine on Engine Handler 


i. Insert guys through fittings and supports, 1. Remove engine rolating sling as outlined 
and tighten nuts until snug, in paragraph 2-13, 
j. Torque guy turnbuckle to 1,700-1, 860 2-31. TOWING INSTRUCTIONS FOR I;NGINE 
in-lb. HANDLER G4069. The engine handler is de- 
signed to be moved over concrete floors and 
k, Lower fazility hoist hook to relieve fen- adjacent concrete aprons within assembly build- 
sion, and position sling carriage to load condi- ings, repair shops, or hangars. Maximum 
tion No. 5 strip position, speed for the engine handler is 2-1/2 miles per 
hour, and maximum ramp angle with the engine 
CAUTION installed is 2 degrees. The handler is not de- 
signed for transporting the engine on another 
Step k must be performed prior vehicle. When there is a considerable distance 
to step 1; otherwise, loading at netween points of use, the handler itself is to 
the incorrect lift point, with be transported on another vehicle, The engine 
respect to the center of gravity, is transported on Air Transport Engine Handler 
would swing the sling beam tc sare G4044,. The engine hander is normally pulled 
the engine, causing possible by the towbar with the engine installed on the 
damage to the neat exchanger. handler; however, the towbar can also be used 
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to push the handle:, if necessary. If a change b. Remove turbopump trunnion nuts and 


of direction is necessary while pushing the 
handler with the towbar (with the engine installed 
on the handler), the corners of the handler 
chassis at the towbar attachment end are first 
raised and the casters manually turned in the 
direction of desired movement before changing 
direction. 


2-32. ROADABLE VERTICAL ENGINE DOLLY 
G4051 AND ENGINE HANDLING DOLLY G4058, 


2-83. The roadable vertica] engine dolly is 
used to support and transpovt the engine or the 
nozzle extension in a vertical position for rela- 
tively short distances, such as on site, building 
to building or test stand. The dolly is not de- 
signed for transporting the engine on another 
vehicle. The dolly accommodates the engine 
(without the nozzle extensicn installed) ot the 
nozzle extension. 


2-34. The engine handling dolly is used to 
support and move the engine or thrust chamber 
in a vertical position within assembly buildings, 
repair shops, or hangars during engine buildup 
or maintenance. The handler is not designed 
for transporting the engine or thrust chamber 
on another vehicle. When there is considerable 
distance between points of use, the handler must 
be transported by another vehicle. 


2-35. REMOVING ENGINE FROM ROADABLE 
VERTICAL ENGINE DOLLY G4051 AND EN- 
GINE HANDLING DOLLY G4058. The loading 
and tiedown requirements of the roadable verti- 
cal engine dolly and the engine handling dolly 
are identical. Procedures outlined in this 
paragraph are also applicable when removing 
the engine or thrust chamber from the engine 
dollies. The engine may be removed using 
either the engine rotating Sling or engine verti- 
cal sling. The roadable vertical engine dolly, 
with an engine installed, is shown infigure 2-7. 


NOTE 


The losd condition numbered strip 
positions noted in this procedure 
are used for initial positioning of 
the engine rotating sling beam. 
Minor adjustments of the beam to 
either side of a strip position may 
be required to level the load. 


a. Position roadable vertical engine dolly 


beneath facility hoist that is capable of lifting 
30,000 pounds. 
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washers. 
tiedown cables. 


Loosen and remove turbopump mount 
Reinstall nuts and washers. 


c. Loosen and reimove gimbal strut tiedown 
cables that secure engine to dolly. Stow all 
cables. 


d. Install eng-ue rotating sling or engine ver- 
tical Sli.e, on engine as outlined in paragraph 
2-14 or 2-18, as applicable. 


NOTE 


Procedures for using the vertical 
sling with a thrust chamber are 
identical to these procedures, ex- 
cept that the two stowed sling links 
are installed between the two short 
cables of the sling lift ring and the 
corners of the Sling spreader bar. 


If engine rotating sling is used, press sling 
Sonltol stationREVERSE button, and position sling 
carriage to load condition No. 2 strip position. 


eA. If engine is to be rotated to horizontal 
pos sition, purge oxidizer pump seal as outlined 
in paragraph 2-20C. 


f. If thermal insulation bracketry js installed 
on engine, reinstall collars and brackets as 
assembled at turbopump trunnions. Torque nuts 
at bracket to 68 +7 in-lb. Install washer und 
trunnion nuts. Torque trunnion nuts to 825 410 
in- lb. 


g. Using facility hoist, carefully lift engine 
clear of dolly, 


2-36. INSTALLING ENGINE ON ROADABLE 
VERTICAL ENGINE DOLLY G4051 AND EN- 
GINE HANDLING DOLLY G4058. The loading 
and tiedown requirements are identical for both 
the roadable vertical engine dolly and the engine 
handling dolly. Procedures outlined in this 
paragraph are also applicable when installing the 
engine or thrust chamber on the engine dollies, 
The engine may be installed using either the en- 
gine rotating sling or engine vertical sling. The 
roadable vertical engine dolly, with an engine 
installed, is shown in figure 2-7. 
NOTE 

The load condition numbered strip 

positions noted in this procedure 

are used for initial positioning of 

the engine rotating sling beam. 

Minor adjustments of the beam to 

either side of a Strip position may 

be required to level the load. 
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a. Insta)l engine rotating sling vi engine ver- 
tical sling on engine as outlined In paragraph 
2-14 or 2-18, as applicable. 


NOTE 


Procedures for using the vertical 
sling with a thrust chamber are 
identical to these procedures, ex- 
cept that the two stowed sling links 
are installed between the two short 
cables of the sling lft ring and the 
corners of the sllng spreader bar. 


b. If thermal insulation bracketry 1s installed 
on engine, remove outboard trunnion nuts and 
washers. Remove serrated coliars and brackets 
as assemblies. 
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Removing and Installing Engine on Roadable Verticai Engine Dolly 


c. If engine rotating sling ig used, raise en- 
gine until engine can be rotated to vertical post- 
tion without interference. Press sling control 
station REVERSE button, and position sling 
beam to load condition No. 2 strip positton. 


d. Using facility hoist, position ergine above 
roadable vertical engine dolly with turbopump 
facing aft end of dolly. 


e. Using facility hotst, slowly lower and cente: 
engine onto dolly. Make sure thrust chamber 
exit ring evenly contacts dolly shock pads. 


f. If engine rotating sling is used, lower 
facility hoist hook to relieve tenslon, and 
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position sling carriage to load ecndition No. 3 
strip position, 


CAUTION 


Step f must be performed prior to 
step g; otherwise, loading at the 
incorrect lift point, with respect 
to the center of gravity, would 
swing the sling beam toward the 
engine, causing possible damage 
to the heal exchanger. 


g. Remove engine rotating sling as outlined 
in paragraph 2-13, 


h. If engine vertical sling is used, remove 
sling as outlined in paragraph 2-17. 


i. Remove turbopump trunnion nuts and 
washers. Install 2 turbopump mount tiedown 
cables between turbopump mount pins and dolly 
tiedown rings. Reinstall nuts and washers, and 
tighten cables until snug. 


j. Install gimbal strut tiedown cables on gim- 
bal oufriggers, Tighten cables until snug. 


2-36A. TOWING INSTRUCTIONS FOR ROAD-~ 
ABLE VERTICAL ENGINE DOLLY G4051, The 
roadable vertical engine dolly is designed to 
move the engine or thrust chamber nozzle exten- 
sion in a vertical attitude for relatively short 
distances over graded grivel (or better) roads. 
Maximum towing speed for the roadable vertical 
engine dolly is 10 miles per hour, maximum 
ramp angle with engine installed is 5 degrees, 
and minimum turning radius is 212 inches 
(17-3/4 feet). 


CAUTION 


The steering gear must not be 
forced when front wheel movement 
is restricted or when the tongue 

is against the stop bracket. Dam- 
ape to the steering tie rods and 
tongue will result. 


2-37. ‘TOWING INSTRUCTIONS FOR ENGINE 
HANDLING DOLLY G4058. The engine handling 
colly is designed to be moved over concrete 
floors and adjacent concrete aprons within as- 
sembly buildings, repair shops, or hangars, 
Maximum towing speed for the handling dolly 
when loaded is 2-1/2 miles per hour, and maxi- 
mum unloaded speed is 5 miles per hour. The 
rear casters must be locked inthe trail position 
when the dolly is to be towed. Maximum ramp 
angle with engine installed is Sdegrees, When 
there is considerable distance betweenpoints of 
use, the unloaded dolly must be transported by 
another vehicle. The engine handling dolly is 
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normally pulled by the towbar with the engine 
installed on the dolly; however, a pair of clamp- 
on towing eyee may be used to tow the dolly, if 
necessary. When a change of direction is nec- 
essary while using towing eyes, the four dolly 
casters are first manually turned in the direc- 
tion (trail position) of desired movement. 


2-38. ENGINE VERTICAL INSTALLER G4049, 


2-39, The engine vertical installer is an electro- 
hydraulically operated, self-propelled lifting 

and positioning unit. Tho vertieal instalier is 
used to position the engine during installation in 
and removal from a test stand or a vertical stage. 
It is also used to position the thrust chamoer 
nozzle extension during installation and removal 
from a vertical engine. (Refer to paragraphs 
2-55 and 2-56, } 


2-40. REMOVING ENGINE FROM ENGINE VER- 
TICAL INSTALLER G4049. (See figure 2-8. ) 


a. Loosen and remove gimbal strut tiedown 
cables. 


b. Install engine vertical sling on engine as 
outlined in paragraph 2-18. 


c, Remove turbopump trunnion nuts and 
washers. Loosen and remove turbopump mount 
tiedown cables. Reinstall nuts and washers, and 
stow all cables. 


d. If thermal insulation bracketry is installed, 
reinstall collars and brackets as assembled at 
turbopump trunnions. Torque nuts at bracket 
to 68 +7 in-Ib. Install washer and trunnion nuts, 
Torque trunnion nuts to 825 +10 in-Ib, 


e. Using facility hoist, lift engine clear of 
engine vertical installer. 


2-41, INSTALLING ENGINE ON ENGINE VER. 
TICAL INSTALLER G4049, (See figure 2-8.) 


a. Install engine vertical sling on engine as 
outlined in paragraph 2-18, 


b, Using facility hoist, raise and position 
engine above 10:1 thrust chamber ring of engine 
vertical installer. 


c. Slowly lower engine onto 10:1 thrust 
chamber ring. Maintain tension on Sling. 


d. Remove turbopump trunnion nuts and 
washers. Install furbopump mount tiedown 
cables. Reinstall] nuts and washers, and 
torque turnbuckles of cables to 40-60 in-Ib. 


e. If thermal insulation bracketry is installed 
on engine, remove outboard trunnion nuts and 
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Figure 2-8. Removing and Installing Engine on Engine Vertical Installer 


washers. Remove serrated collars and brackets 


as assemblies. Retain for reinstallation. 


f, Remove ergine vertical sling as outlined 
in paragraph 2-17, 


g. Install gimbal strut tiedown cables, and 
torque turnbuckles to 40-60 in-ib. 


2-42. NOZZLE EXTENSION HANDLING 
EQUIPMENT. 


2-43. The nozzle extenston is held ina rigid 
position during rotating, shipping, and storing 
by Nozzle Extension Handling Fixture G4080. 
Nozzle Extension Handling Adapter G4081 is 
used to support the fixture-mounted nozzle ex- 
tension in a horizontal position during shipping 
and storing. Engine Handler Sling G4052 1s 
used to raise or lower the nozzle extension in 


a vertical position. Engine Vertical Installer 
G4049 is used to position the nozzle extension 
during removal from and installation on a verti- 
cal engine, 


2-44. ENGINE HANDLER SLING G4082. 


2-45, The engine handler sling, adaptable at a 
single point to an overhead crane, is used to 
lift either Air Transport Engine Handler 
G4044, with or without the engine installed, or 
the thrust chamber nozzle extension. When 
lifting the air transport engine handler, the 
cables with the hooks are hooked to the lifting 
eyes on each front corner and on the chassis 
just forwara of each rear wheel of the handler. 
When lifting the nozzle extension, the four 
cables stored on the bars are connccted to the 
flange plate and the lifting eyes on the nozzle 
extension. 
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2-46. NOZZLE EXTENSION HANDLING FIX- 
TURE G4030. 


2-47. The nozzle extension handling fixture is 
a conicai frame structure designed to hold the 
nozzle extension ina rigid position during ro- 
tating, shipping, and storing. The nozzle ex- 
tension is lowered over the handling fixture un- 
til contact is made with shock-mounted support 
pads on the base ring of the fixture. Nozzle 
exit pads are adjusted to contact the inner sur~ 
face of the nozzle extension. Adjustable nozzle 
flange struts are extended until the pads contact 
the forward flange of the nozzle extension. 
Cables secure the flange struts in the extended 
position. 


2-48, REMOVING NOZZLE EXTENSION FROM 
NOZZLE EXTENSION HANDLING FIXTURE 
G4080. (See figure 2-9.) 


a. Using # facility hoist capable of lifting 
5,000 pounds, suspend Engine Handler Sling 
G4052 above nozzle extension, Make sure that 
nozzle handling cables (short cables) are at- 
tached to spreader bars. 


b. Connect sling cables to 4 lifting lugs near 
upper end of extension. 


c On nozzle flange struts, turn cable ad- 
justing nut to upper end of screw 


d. Remove quick-release pin from each 
nozzle flange strut, lift strut until flange pad 
clears extension flange, retract strut, and in- 
stall quick-release pin. 


e. Lower each flange strut until strut con- 
tacts quick-release pin at apex of strut, 


f. Remove quick-release pin from each 
nozzle exit strut adjustment screw. Turn ad- 
justment screw until exit strut is in retracted 
position. Install quick-release pin in adjust- 
ment screw. 


CAUTION 
To avoid damage to Internal 
skins of the nozzle extension, 
the extension muat be carefully 
guided over the fixture. 


g. Slowly and carefully raise extension clear 
of nozzle extension handling [xture. 
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2-49, INSTALLING NOZZLE EXTENSION ON 
NOZZLE EXTENSION HANDLING FIXTURE 
G4080 (See figure 2-9,) 


a. Place Nozzle Extension Handling Fixture 
G4080 on a flat, paved surface, 


b. Using a facility hoist capable of lifting 
5,000 puunds, suspend Engine Handler Sling 
G4052 until sling spreader bars clear floor. 


c, Remove nozzle handling cables (short 
cables), which are stored on sling spreader 
bars. 


d. Atfach nozzle handling cables to spreader 
bars in place of engine handling cables (long 
cables). 


e. Connect cables to 4 lifting lugs nv ~ upper 
end of nozzle extension. 


f. Check that nozzle flange struts on fixture 
are in retracted position. 


g. On nozzle flange struts, turn cable- 
adjusting nut to upper end of screw. 


h. Remove quick-release pin from apex end 
of each nozzle flange strut, lift strut until pin 
can be inserted through upper hole under strut, 
and then lower strut against pin. 


i, Temporarily secure forward lifting cable 
near pad end of one nozzle flange strut. 


NOTE 


Securing the cable to the strut 
makes the cable accessible after 
the nozzle extension is installed 
on the fixture, 


j. Remove quick-release pin from adjustment 
screw on nozzle exit strut located to left ard 
right of fixture zero-degree index point, Turn 
adjustment screw until strut is in neutral posi- 
tion, Install quick-release pin. 


k. Using procedure in step j, except for re- 
installation of quick~release pin, retract all 
remaining nozzle exit struts, 


1, Using hoist, slowly lift nozzle extension 
approximately 7 feet. Suspend extension over 
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Figure 2-9. Removing and Installing Nozzle Extension on Nozzle Extension Handling Fixture 
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fixture, and adjust unt.l zero-degree index 
points on nozzle extension and fixture are 
alined. 


CAUTION 


To avoid damaging internal skins 
of the nozzle extension, the ex- 
tension must be carefully guided 
over the fixture. 


m. Slowly and carefully lower nozzle exten- 
sion until it simultaneously contacts the 2 neu- 
tral nozale exit strut pads and the 8 base ring 
pads, Allow full weight of nozzle extension to 
rest on base ring pads. 


n, Hf nozzle extension is out-of-round and gap 
between extension and any of the strut pads ex- 
ceels 5 inches, readjust neutral pad strut to 
provide a more concentric placement of exten- 
sion on fixture. 


o. Starting with the 2 nozzle exit siruts 
opposite the 2 neutral struts, turn adjustment 
screws until all strut pads lightly contact 
nozzle extension, 


p. Torque adjustment screws on 3 nozzle 
exit struts, located between and opposite the 2 
neutral struts, to 300-450 in-lb. Torque 
adjustment screws on remaining 3 struts to 
300-450 in-!b. Install quick-release pins in 
adjustment screws. 


q. Hemove quick-release pin from adjust- 
ment screw on the 2 neutral nozzje exit struts. 
Torque adjustment screw to 300-450 in-lb. 
Install quick-release pin, 


NOTE 


To find the appropriate flange 
hole, the flange strut must be 
moved sideways in each direction 
until it stops. The appropriate 
flange hole is the hole nearest 
the center of full travel. 


r. Lift each nozzle flange strut, and remove 
quick-release pin. “xtend strut until flange 
pad engages extension flange with alinement pin 
of pad in appropriate hole in flange, and insert 
quick-release pin in hole in strut. 
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8, Torque each nozsle flange strut cable pre- 
load nut to 35-40 in-lb.  ‘forave each jamnut to 
170-230 in-Ib. 


t. Disconnect cables from lifting lugs, and 
remove Sling. 


2-90, NOZZLE EXTENSION HANDLING 
ADAPTER (08). 


2-51. The nozzle extension handling adapter is 
used to support the fixture-tuounted nozzle ex- 
tension in a horizontal position during shipping 
and storing. Two facility hoists capable of lift- 
ing a minimum of 5,000 pounds are required to 
remove ‘he fixture-mounted nozzle extension 
from the handling adapter and to rotate it to the 
vertical position, 


2-52. REMOVING FIXTURE-MOUNTED 
NOZZLE EXTENSION FROM NOZZLE EXTEN- 
SION HANDLING ADAPTER G4081. {See 
figure 2-10.) 


a. Attach forward lifting cable on nozzle ex- 
tension handling fixture to a facility hoist that 
is capable of lifting 5,060 pounds. 


b. Make sure that aft hoist extension on 
handling fixture is in extended position and is 
secured with quick-release pin, 


c. Attacha 3/4-inch shackle to aft hoist ex- 
tension. 


d, Connect hook from second facility hoist 
to shackle. 


e. Using facility hoists, remove sJack from 
forward and aft cables. 


f. Back out base ring stop bolt. 
CAUTION 


The loaded fixture must not Le 
allowed to rotate from the hori- 
zortal position since damage 

to the equipment can result. 


g. Remove quick-release ping of each turn- 
buckle at fixture batl-joint bracket, Stow turn- 
buckle on bracket uf nozzle extension handling 
adapter. 
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h. Loo -yere’. 2, ¢ canect T-holt that secures 2-53, INSTALLING FIXTURE-~MOUNTED 
forwara oo, tt ath opt NOZZLE EXTENSION ON NOZZLE EXTENSION 
HANDLING ADAPTER G4081, (See figure 2-10.) 
i. Slow.y.. - 1.%. 0 Jifling cable until 


forward suppu:‘  n be disengaged. Swing sup- a. Install nozzle extension on nozzle exten- 
port forward untit end rests on floor, sion handling fixture (paragraph 2-49). 
j. Slowly raise cables until loaded fixture is b. Connect forward lifting cable of fixture to 
approximately 4 feet above flour. a facility hoist that is capable of lifting 5,000 
pounds. Slowly lift loaded fixture approximately 
k. ower aft cable until nozzle extension is 4 feet above floor. 


in vertical position. 
c. Extend aft hoist extension from fixture 


1. Remove cable hook and shackle from aft and secure with quick-release pin, 
hoist extension. Retract extension and secure 
with quick-release pin. d. Atlacha 3/4-inch shackle to aft hoist ex- 
tension, 


m, Slowly lower forward lifting cable until 
loaded fixture rests on floor, Disconnect cable 
from facility hoist. 
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e. Connect hook from second facility hoist 
to shackle, and slowly lift aft end of fixture un- 
til nozzle extension is in a horizontal position. 


f, On nozzle extension handling adapter, 
disengage forward support fram stored position 
and swing it forward until end rests on floor, 


g. Back out base ring stop bolt. 


h. Position loaded fixture over adapter 
until ba)l joints on fixture and adapter are 
alined, 


i. Slowly lower loaded fixture until ball 
joints are mated. Do not relieve tension on 
cables, 


j. On adapter, swing forward support to 
vertical position, and adine bab) joints on 
tiature and adapter, 


CAUTION 


The loaded fixture niust not be 
allowed to votate from the hori- 
zontal position after the ba!l 
joints are seated, since damage 
to the equipment can result. 


k. Slowly lower fixture until all ball joints 
wre properly seated, Secure forward support 
ball joint with bolt. Torque nut to 240-300 
in-Ib. 


Il. Remove lower end of cach turnbuckle 
from brackets on adapter. Attach turnbuckles 
to fixture ball-joint bracket with quick-release 
pins. 


m. Torque turnbuckles to 240-300 in-Ib 
and turnbuckle stopnuts to 60-120 in-Jb. 


n. Adjust base ring stop bolt until it contacts 
fixture. Torque stopnut to 360-480 in-lb. 


o. Disconnect hoist cables from aft hoist 
extension and forward lifting cable. Store 
forward lifting cable at forward support of 
adapter, and move aft hoist extension in 
retracted position and secure with quick- 
release pin, 
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2-54. ENGINE VERTICAL INSTALLER G4049, 


2-55. REMOVING NOZZLE EXTENSION FIOM 
ENGINE VERTICAL INSTALLER G4049. (Sce 
figure 2-11, ) 


a. Disconnect lift-platform tiedown cables 
from nozzle extension. 


b. Using a facility hoist capable of lifting 
§,000 pounds, suspend Engine Handler Sling 
G4052 abave nozzle extension, Make sure 
that nozzle handling cables (suort cables} are 
attached to sling spreader bars. 


c. Connect sling cables to 4 lifting lugs 
near upper end of nozzle extension. 


d. Slowly lift nozzle extension elear of 
engine vertical installer. 


2-56, INSTALIING NOZZLE EXTENSION ON 
ENGINE VERTICAL INSTALLER 34049, 
(See figure 2-11.) 


a. Remove nozzle extension from nozzle 
extension handling fixture as outlined in para- 
graph 2-48, 


b. Using «a facility hoist capable of lifting 
§,000 pounds, suspend Engine Handler Sling 
(4052 above nozzle extension, Make sure 
that nozzle handling cables (short cables) are 
attached fo sling spreader bars. 


¢. Connect sling cables to 4 lifting lugs near 
upper end of nozzle extension, 


d. Lift and position nozzle extension above 
engine vertical installer, and carefully Jower 
onto 16:1 ring of installer. 


ec. Remove handler sling cables, ancl install 
lift-platform ticdown cables on nozzle extension 
lifting lugs. 


ra 
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SECTION III 
COMPONENT REMOVAL AND INSTALLATION 


WARNING 


TEMPERATURE TRANSDUCER INSTALLER AND REMOVER KIT G2038 AND 
COMPONENT HANDLING FIXTURE SET G4068 MUST BE OPERATED BY 
AUTHORIZED PERSONNEL TRAINED IN THE USE OF THE EQUIPMENT. 


3-1. SCOPE. This section contains the 
detailed procedures for removal and installation 
of engine components, parts of certain installed 
components, and the resulting effects on the 
engine. The procedures are oriented for a 
Single, uninstalled engine in the vertical posi- 
tion. With (he engine in any other position, 

the procedures may be used only as a guide, 
since requirements may or may not apply, 


3-2. EFFECTS OF COMPONENT REINSTAL- 
LATION AND REPLACEMENT. 


3-3, The scope of component reinstallation and 
replacement affecting the engine covers a broad 
area of data. Asa result of maintenance tasks 
in this manual, the data has been separated into 
four categories: effects on engine alinement, 
post- maintenance test requirements, effects on 
thermal insulation brackets, and the effects on 
engine performance. The data covering effects 
of component reinstallation and replace..ent on 
engine alinement, engine performance, and 
thermal insulation brackets is tabulated in 
figure 3-1. The post-maintenance test require- 
ments necessary to restore the integrity of the 
engine systems are tabulated in section IV. 

The individual component replacement effects 
on engine performance at sea level are con- 
tained in R-3896-11, The procedure for 
determining the maximum expected performance 
deviations for individual engines due to multiple 


component replacement is contained in R-3896-1. 


Removal and installation procedures for thermal 
insulation brackets are contained in R-3896-6. 


3-4, EFFECTS OF COMPONENT REINSTAL- 
LATION AND REPLACEMENT ON ENGINE 
ALINEMENT, THERMAL INSULATION 
BRACKETS, AND ENGINE PERFORMANCE. 


3-5. Figure 3-1 lists the alinements required 
following the installation (or reconnection) of 
engine components and lines. An “X" under an 
alinement procedure in one of the Alinement 
Required columns denotes applicability of the 
alinement task to the corresponding item listed 
in the Engine Components and Lines column. 
The components and lines are listed in the same 
sequence as the procedures appear in this sec- 
tion. The listed alinement tasks correspond to 
specific alinement tasks in this section that are 
presented as separate tasks under a separate 
paragraph title and do not include alinement 
tasks that are an integral part of an installation 
procedure. Two additional columns are included 
with the alinement tasks to indicate component 
replacement effects on thermal insulation 
brackets and on engine performance. A 
reference is made to the applicable R-3896- 
series manual that contains the detailed 
procedure, 


3-6. ENGINE SEAL AND JOINT DATA. 


3-7. Most of the engine system joints and the 
data pertaining to the joints (lubrication used, 
torque values, etc) are included as part of the 
specific component removal and installation 
procedures, Figures 3-2 and 3-3, schematics 
and legends, provide the location and descrip- 
tion of each joint, type of joint and seal required, 
lubricant used and method of application, torque 
value applied at joint fasteners or connector, 
and a reference to figure 3-2A for type of 
protective closure recommended if joint is 
disconnected. Specified lubricating procedures 
(methods) are outlined in section I. A refer- 
ence to figure 3-1 is noted in the legend for 
joints where alinement requirements apply. 
The schematics are zoned, and cach joint is 
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assigned a code number to aid in identification 
and cross-reference between each schematic 
and its legend. The code designation identifies 
the type of fluid used at a specific joint and the 
location of the joint. Figure 3-2A provides 
recominended protective device data for 
component openings. Clean polyethylene bags 
or film may be used as temporary closures 

(46 hours maximum) to protect open joints. 
The data in figures 3-2 and 3-3 does not 
include methods for performing component 
removal and installation and is not intended 
for use in place of detailed component removal 
and installation procedures. (For information 
concerning the description of the various types 
of seals, refer to seal description in R-3996-1. ) 
Fluid identification used in the legends is as 
follows: 


Fluid Identification 


Fluid Code 
Oxidizer O 
Fuel F 
Hydraulic control HC 
Exhaust E 
Helium H 
Nitrogen N 
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1. Engine control har- 
nesses and cables 
2. Flight instrumentation 
harnesses and cables 
3, Quick-disconnects 
and adapters, 
4. Flight instrumentation 
pressure transducers 
5. Turbine inlet manifold 
temperature transduce 
8. Environmental temper- 
ature transducer 
q. No. 2 fuel inlet tem- 
perature transducer 
8. Primary junction box 
9. Oxidizer flowmeter 
10. Heat exchanger check 
valve 
11. Wop, around ducts x x XK 
and hoses 
11A. Heat exchanger and 
turbopump turbine 
12. Heat exchanger and 
heat exchanger ducts 
and hoses 
12A. Igniter fuel supply tube D 
12B, Engine supply tube Y 
13, Fuel high-pressure 
duct spacers and Seals 


(a) Refer to R-3896-11 for component replacement effects oa engine performence at sea level. 
(b) Refer to R-3896-6 for thermal insulation brackets removal and installatio1 procedures, 
(g} Refer to paragraph 3-104A for alinement fur igniter fuel supply tube or engine supply tube. 


Figure 3-1. Component Reinstallation and Replacement Effects on Engine /.linement, Thermal Insulation 
Brackets, and Engine Performance (Sheet 1 of 8) 
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14. Fuel valve to fuel 
manifold orifice plate 


. Oxidizer high-pressure 
duct spacers and seals 


. Oxidizer valve to oxi- 
dizer dome pressure- 
actuated seal 


No. 1 fuel high- 
pressure duct 


No. 2 fuel high- 
pressure duct 


No. 1 oxidizer high- 
pressure duct 


» No. 2 oxidizer high- 
pressure duct 


» No. 1 fuel valve 
. No. 2 fuel valve 
: No. 1 oxidizer valve 
- No. 2 oxidizer valve 


Fuel valve position 
transducers 
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a) Refer to R-3896-11 for component replacement effects on engine performance at sea level, 
b) Refer to R-3896-6 for thermal insulation brackets removal and installation procedures. 

c) Alinement required if component repiaced. 

(g) Refer to paragraph 3-104A for alinement for igniter fuel supply tube or engine supply tube. 


Figure 3-1. Component Reinstallation and Replacement Effects on Engine Alinement, Thermal Insulation 
Brackets, and Engine Performance (Sheet 2 of 6) 
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Refer to R-3896-11 for component replacement effects on engine performance at sea level. 


Refer to R-3896-6 for thermal insulation brackets removal and installation 
Refer to paragraph 3-104A for alinement for igniter fuel supply tube or eng 
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Inert prefill check 
valve 
Checkout valve 
Checkout valve actuator 
Gas generator fuel durt 
Gas generator oxidizer 
duct (duct end) 
Gas generator oxidizer 
duct (valve end) 
Gas generator ball 
valve 

> 
Gas generator 
Gas generator ball 
valve position switch 
Gas generator oxidizer 
purge check valve 
Electrical cable sup- 
port post 
Interface Panel to oxi- 
dizer ingulation seal 
interface panel 
Gimbal bearing 


Refer to R-3896-11 for component replacement effects on engine performance at sea level. 
Refer to R-3896-6 for thermal insulation brackets removal and installation procedures. 


Figure 3-1. Component Reinstallation and Replacement Effects on Engine Alinement, Thermal Insulation 


Brackets, and Engine Performance (Sheet 4 of 8) 
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57. Thrust chamber x(d)} x 
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a) Refer to R-3896-11 for component replacement effects on engine performance at sea level. 
b) Refer to R-3896-6 for thermal insulation brackets removal and installation procedures. 

c) Alinement required if component replaced. 

d) Single-engine hot-fire test required. 


e) Component hot-fire test required. ‘ 


\ 

i 

Figure 3-1. Component Reinstallation and Replacement Effects on Engine Alinement, Ther‘nal Insulation 
Brackets, and Engine Performance (Sheet 5 of 6) 
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R-3896-3 Section Lil 
Volume I 


Paragraph 


Alinements 
Required 


Wrap-Around Line Alinement Check 
Ground Supply Hydraulic Duct and 


Checkout Valve-to-Hydraulic 


Contio] and Purge Line Alinement 
Return Duct Alinement 


Fuel High-Pressure Duct 


Fit Check 
No. I Qxidizer Vaive Dome 


Oxidizer High-Pressure Duct 
Fit Check 

Oxidizer Valve Fit Check 
Gimbal B.aring Alinement 
Heat Exchanger Customer Duct 
Support and Bracket Alinenient 
Hydraulic Customer Duct Sup- 
port and Bracket Alinement 
Heat Exchanger Duct Support 
and Bracket Alinement 

Purge Line and Pump Seal 
Purge Line Alinement 


Fuel Valve Fit Check 
Engine Performance 


Engine Components \ 
and Lines 


63. Fuel impeller balance 
cavity return hose 


3A.Fuel drain manifold 


. Engine variable 
orifices 


(d) 


Thrust chamber body 


. Thrust chamber noz- 
zle extension 


Oxidizer and niirogen 
overboard drain lines 


Fuel wie a 
drain lines 


Hypergol cartridge) 
: Igniters (f) 
Igniter harness (f) 


‘ ioe a panel access 
door 


. Thrust chamber fhroat 
security closure 


Engine environmental 
cover 


Fuel inlet elbuw-to- 
jptertace pFenel insula- 
tion boot 


Turbopump oxidizer 
inlet 


Refer to R-3896~11 for component replacement effects on engine performance at sea level. 
b) Refer to R-3896-6 for thermal inswation brackets removal and installation procedures, 
d) Single-engine hot-fire test required. 


ff Refer to R-3806-11 for component removal and installation procedure. | 


Figure 3-1. Component Reinstallation and Replacement E‘fects on Engine Alinement, Thermal Insulation 
Brackets, and Engine Performance (Sheet 6 of 6) 
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Figure 3-2. Seal and Joint Schematic for Engine Propellant Feed, Hydraulic Control, Exhaust, 
and Pressurization Systems (Sheet 1 of 20) 
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Flange on valve 
Flange holts (torque to 1, 150-1, 250 in-th) 


R- 3896-3 
Volume I 
| Lube 
and 
Sede zone Joint Description Method 
OXIDIZER PROPELLANT FEED SYSTEM 
A6 Oxidizer suction duct to oxidizer pump (b) 
0-2 Ad Oxidizer pump to No. 1 oxidizer high-pressure 
duct 
Flange on duct 
Pressurn-actuated seals None 
Space: None 
Flange on pump 
t‘lange bolts (tovque to 1, 150-1. 250 in-1b) 
1 oxidizer high-pressure duct to No. toxidizer 
pela) 
Flange on duct 
Pressure- actuated seals None 
Spacer None 
Flange on valve: | 
Flange bolts (torgue to 1, 150-1, 250 in-1b) 
0-3 Fi No. 2 oxidizer high-pressure duct to No. 2 | 
oxidizer valvye\¢/ 
Flange on duct 
Pressure-actuated seals None 
spacer None 


No. 1 oxidizer valve to thrust chamber oxidizer 

domet{c) 

Flange on valve 

Pressnre-actuated seal None 
Flange on dome 

Flange bolts (torque to 1, 150-1, 2&0 in-1b) 


0-4 F9 


0-4 Fl No 2 oxidizer valve to thrust chamber oxidizer 
domel¢) 

FJange on valve 

Pressure-actuated seat 

fonge on dome 


Flange bolts (torque to 1, 150-1, 250 in- lb) 


Nene 


No. 2 oxidizer ea paene sure duct to gas generator 
oxidizer duct (duct end)(c 

Flange on high-pressure duct 

Orifice plate 

Flange on gas generator duct 

Flange bolts (torque to 350 410 in-lb) 


fa) See figure 3-2A for closure description and R-3896-4 for attaching hardware. 
(b) Customer connection. 
{c) See figure 3-1 for alinement requirement. 


aA 
/ 


None 


a ty i SL oe tt A RE 


Hydraulic Contret, Fvhaust, 


Seal ‘and Joint Schematic for E Engine Propellant Feed, 
and Pressurization Systems (Sheet 2 of 20) 


Figure 3-2. 


vection III 


Type (a) 
Closure 


A4 


ar 
aaa 


A 2and4 


A4 
AF J 
A 2 and 4 


AF lor 2 
GorBs 


eemnenened amen] 


Change No. 4 - 8 October 1970 a-9 


Section III R-3896-3 


Volume | 
Lube 
and Type (a) 
Joint Desc-siption Method Closure 
OXIDIZER PROPELLANT FEED SYSTEM (cont) r 
Gas generiter oxidizer duct (duct end) to gas 
generator oxidizer duct (valve end) 
Flange on duct end GorD3 
Orifice plate None AF lor 2 
Seals None AF 1 
Flange on valve end GorB4 
Flange nuts (torque to 125 +5 in-1b) 
Gas generator oxidizer duct (valve end) to gas 
generator ball valve 
Flange on gas generator duct GorD1 
Seal None AF 1 or 2 
Flange on gas generator ball valve Bil 
Flange bolts (torque to 350 45 1-1b) 
Oxidizer dome to heat 2xchanger check valve 
Flange on oxidizer dome C1 
Pressure-actuated seal None AF 2 
Flange on check valve (dome end) Gor AL} 
Flange nuts (torque to 255 +5 in-1b) 
0-9 E6 Heat exchanger check valve to oxidizer 
flowmeter 
Flange (check valve to flowmeter) G 
Pressure-actuated seal None AF 2 
Flange (flowmeter to check valve) G 
| Flange nuts (torque to 255 +5 in-Ib) 
0-10 E6 Oxidizer flowmeter to heat exchanger oxidizer 
supply hosel 
Flange on flowmeter G 
Pressure-actuated seal None AF 2 
Flange on supply hose G 
Flange bolts (torque to 255 45 in-!b) 
Q-11 cg Oxidizer supply hose to heat exchanger oxidizer 
bypass husiete 
Flange on supply hose F4 
Orifice plate None AF 2 
Seals None AF Jor 2 
Flange on bypitss hose G 


Flange bolts (lorque to 100 +10 in-tb) 


Q~12 cg Oxidizer bypass hose tu GOX duct (heat 
exchanger end tc) 
Flange on bypass hose G 
Pressure-actuated seal None AF 2 
Flange on GOX duct 4 
Flange bolts (torque to 100 +10 in- ly) 


Fee i tl ie 


(a) See figure 3-2A for closure description and R- 3896-4 for attacting hardware. 
(c) Sce figure 3-1 for alinement requirement, fil ess __ . 
Figure &-2. Seal and Joint Schematic for Engine Propellant Feed, Hydraulic Control, Exhaust, 
and Pressurization Systems (Sheet 3 af 20) 
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R-3896-3 Section [il 
Volume I 


Lube | 
and Type (a) 
Code Joint Description Method Closure 
CXIDIZER PROPELLANT FEED SYSTEM (cont) 
0-13 Oxidizer supply hose to heat exchanger(¢) 
Flange on supply hose G 
Pressure-actuated seal AF 4a 
Flange on heat exchanger C6 
0-14 Hert exchanger to GOX return duct (heat 
excnanger end)\¢ 
Flange on heat exchanger Cc 6 
Pressure-actuated seal AF i 
Flange on GOX return duct Gorc9g 
Flange bolts (torque to 295 +16 in-Ib) 
0-15 GOX duct (heat exchanger end) to heat exchanger 
wrap-around duct\¢ 
Flange on GOX reitven duct G or C 10 
Pressure-actuated seal AF 2 
Flange on GOX wrap-around duct Gor C 10 
Flange nuts (torque to 265 +10 in-Ib) 
C-16 Oxidizer dome to thrust chamber injector ©) 
Flange on oxidizer dome H 1 and 2 
Gasket None 
Flange on injector E 1 
Inner dome bolts (torque to 685 485 ft-lb) (e) A 
Seals (dome bolts) (d) R 
Plugs (dome bolts) (torque to 105 +5 ft- Ib) (e) A 
Outer dome bolts (torque to 335 +15 ft-lb) (e) A 
Washers (e) F 
9-17 G6 Thrust chamber injector to thrust chamber fuel 
inlet manifold(c} 
Flange on injector &) E 2 
Seal, upper (g) (f) K 
Flange on fuel manifold B Ji 
FUEL PROPELLANT FEED SYSTEM 
r-1 Bi Fue] suction duct to No. 1 fuel irlet elbow (b) (b) 
Flange on No, 1 fuel {Inlet elbow (uninstalled) AM 
engine) 
F-1 BT Fuel suction duct to No. 2 duel inlet elbow (b) (b) 
Flange on Ne. 2 fuel inlet elbow (uninstalled AM 
engine) 


(a) See figure 3-2A for closure description and R-3896-4 for altaching hardware. 
(v) Customer connection. 
(c) See figure 3-1 for alinement requirement 
(d) Fluorinated oil Krytox 143A%Z (uu Pont) or lubricant grease RBO140-012 (Rorketdyne). 
(e) Lubricant grease RBO140-012 (Rocketdyne). 
(f) FS1281 grease (Dow Corning Corp). 
{g) Compressed by outer dome bolts. 
Figure 3-2. Seal and Joint Scheniatic for Engine Propellant Feed, Hydraulic Control, Exhaust, 
and Pressurization Systems (Sheet 4 of 20) 
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Section III 


Code 


Zone 


B6 


B6 


R-3896-3 


Volume I 
Lube 
and Type (a) 
Joint Description Method Closure 
FUEL PROPELLANT FEED SYSTEM (cont) 
No. 1 fuel inlet elbow to fuel pump © 
Flange on inlet elbow K 1 
Seal plate None AF 1 
Flange on fuel pump K 1 
Flange bolts (torque to 470 +10 in- lb) 
No, 2 fuel inlet cibow to fuel pump) 
Flange on inlet elbow K1 
Seal plate None AF 1 
Flange on fuel pump K 1 
Flange bolts (torque to 470 +10 in-1b) 
Fuel pump to No. 1 fuel high-pressure duct’? 
Flange on fuel pump K ji 
Seal plate None AF ] 
Spacer None AB 
Seal plate None AF 1 
Flange on fuel high-pressure duct A land 4 
Flange bolts (tarque to 1, 150-1, 250 ft-lb) 
Fuel pump to No. 2 fuel high-pressure duct ©) 
Flange on fuel pump K 1 
Seal plate None AF 1 
Spacer None AB 
Seal plate None AF 1 
Flange on fuel high-pressure duct A land 4 
Flange bolts (torque to 1, 150-1, 250 ft-Ib) 
No, 1 fuel high-pressure duct to No. 1 fuel 
valve(c) 
Flange on fuel high-pressure duct Aland4 
Seal plate None AF 1 
Spacer None AB 
Seal plate None AFI 
Flange on fuel valve Ad 
Flange bolts (torque to 1, 150-1, 250 ft-1b) 
2 vel high-pressure duct to No. 2 fuel 
yalvele 
Flange on fuel high-pressure duct A land 4 
Seal plate None AF 1 
Spacer Nore AB 
Seal plate None AF 1 
Flange on fuel valve Ad 


Flange bolts (torque to 1, 150-1, 250 {t-1b) 


(a) Sce figure 3-2A for closure description and R- 3896-4 for attaching hardware. 
(c) See figure 3-1 for alinement requirement. 


Figure 3-2. Seal and Joint Schematic for Engine Propellant Feed, Hydraulic Control, Exhaust, 


and Pressurization Systems (Sheet 5 of 20) 
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R-3896-3 Section III 
Volume I 


Lube 
anu 
Method 


Type 
Closure 


(a) 


Joint Description 


FUEL PROPELLANT FEED SYSTEM (cont) 


No. 1 fuel valve to thrust chamber fuel 
manifoldic 

Flange on fuel valve 

Orifice plate 

Flange on fuel manifold 

Flange bolts (torque to 1, 150-1, 250 ft- 1h) 


A4 
None AB 
A 3and4 


F-5 G3 No. 2 fuel valve to thrust chamber fuel 
manifold\¢ 
Flange on fuel valve 
Orifice plate 
Flange on fuel manifold 
Flange bolts (torque to 1, 150-1, 250 ft-1b) 


A 4 
None AB 
A 3 and 4 


F-6 Bd No. 2 fuel high-pressure duct to gas gencrator 
fuel duct 
Flange on fuel high-pressure duct 
Orifice plate 
Flange on gas fencrator fuel duct 
Flange bolts (torque to 280 +10 in- lb) 


C 2 
None AF 
Go 


F-7 BS Gas generator fuel duct to gas generator ball 
valve 
Flange on fuel duct 
Seal 
Flange on ball valve 
Flange bolt (torque to 550 410 in-lb) 


G 
None AF 
Cc 8 


F-8 F7 No. 1 fuel high-pressure duct to igniter fuel 
supply tube(c} 
Fiange on fuel high-pressure duct F 4 
O- ring (e)K 
Spacer None AB 
Q- ring ie)K 
Flange on igniter fuel supply tube Gor F 4 
Flange bolts (torque to 60 45 in- 1b) 


F-9 E5 Igniter fuel supply tube to igniter fuel valve 
Flange on igniter fuel supply tube GorF 4 
O- ring (e)K 
Spacer None AB 
O-ring (e)K 
Flange on igniter fuel valve Fa 
Flange bolts (torque to 60 +5 in-1Ib) 


(a) See figure 3-2A for closure description and R- 3896-4 for attaching hardware. 

(c) See figure 3-1 for alinement requirement, 

(ec) Lubricant grease RB0140-012 (Rocketdyne). 

Figure 3-2. Seal and Joint Schematic for Engine Propellant Feed, Hydraulic Control, Exhaust, 
and Pressurization Systems (Sheet 6 of 20) 
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Section TI R-3896-3 


Volume I 


Lube 
and 


Method 


Joint Description 


FUEL PROPELLANT FEED SYSTEM (cont) 


E6 Hypergol manifold to hypergol manifold outlet 
hose 
Flange on hypergol manifold 
Seal plate 
Flange on manifotd outlet tube 
Flange bolts (torque to 85 45 in-lb) 


None 


G6 Hypergol manifold outlet hose to thrust chambe) 
injector 
Flange on manifold outlet tube 
Seal plate 
Flange on thrust chamber iniector 
Flange bolts (torque to 85 +5 in-Ib) 


None 


No. 1 fuel high-pressure duct to gimbal supply 
plate 
Flange on fuel high-pressure duct 
Seal plate (b) 
Gimbal supply plate 
Flenge bolts (torque to 60 +5 in-lb) 


Prefill wrap-around hose to inert prefill check 
valve\¢ 

Flange on prefill wrap-around hose 

Seal 

Fiange on inert prefill check valve 

Flange nuts (torque to 100 +10 in-lb) 


None 


F-13 G6 Inert prefill check valve plate to inert prefill 
check valve (prefill wrap-around hose not 
installed) 

Inert prefill check valve plate 

Seal 

Flange on inert prefill check valve 

Flange nuts (torque to 100 410 in-ib) 


None 


Inert prefill check valve to thrust chamber 
fuel manifold 

Flange on inert prefill check valve 

Retainer 

Packing 

Retainer 

Flange on fuel manifold 

Flange nuts (torque to 100 410 in-lb) 


(a) J 
(ce) Jd 
(e) J 


fa) See figure 3-2A for closure description and R- 3896-4 for attaching hardware. 
(b) Customer connection, 

(c) See tigure 3-1 for alinement requirement. 

(e) Lubricant grease RBO140-012 (Rocketdyne), 


— 


and Pressurization Systems (Shcet 7 of 20) 
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Type ,, 
Closure 


Gorkh 5 
AF I 
L.5 


None 


Figure 3-2. Seal and Joint Schematic for Engine Propellant Feed, Hydraulic Control, Exhaust, 


R-3896-3 Section ITI 


Volume I 
Lube 
and Type (a) 
Joint Description Method Closure 


FUEL PROPELLANT FEED SYSTEM (cont) 


No, 2 fuelinlet elbow toturbopump fuel bleed hose 
Flange on fuel inlet elbow L4 
Seal plate None AF 
Flange on fuel bleed hose Go 
Flange bolts {torque to 25 42 in-1b) 


Turbopump fuel bleed hose to No. 2 fuel high- 
pressure duct 


Flange on fuel bleed hose GorLé 
Orifice plate None AB 
Flange on fuel high-pressure duct L6 


Flange bolts (torque to 25 42 in-lb) 


Bearing coolant control valve to No. l and No. 2 
bearings lube feed Hine 


Flange on bearing coolant control valve L 6 
Seal plate None AF I 
Flanges on bearing lube feed line Gor L 6 


Flange bolts (torque to 40-50 in-1b) 


No. 1 and No. 2 bearing lube feed tubes to 


turbopump 
Coupling nut on bearing lube feed line (torque None N 4 
nut to 180-200 in-3b) 
Ring None 
Fitting on turbopump None AJ 1 
F-19 cé6 Turbine bearing lube feed hose to bearing coolant 
control valve 
Flange on bearing lube feed hose Gor L6 
Seal plate None AF | 
Flange on bearing coolant control valve L4 


Flange bolts (torque to 40-50 in- 1b) 


F-20 C6 Turbine bearing support lube feed hose to 
turbopump manifold 
Flange on lube feed hos2 GorL6 
Flange on turbopump manifold None None 
Flange bolts (torque to 40-50 in-ib) or flange 
nuts (torque to 30-40 in-lb) 


F-21 B6 Turbopump to fuel coolant supply tube 


Coupling nut on feed tube (torque to None N2 
330 +15 in-Ib)(h) 
Fitting on turbopump None Ad 4 


(a) See figure 3-2A for closure description and R- 3896-4 for attaching hardware. 
(nh) Torque value above prevailing torque obtained before seating of tube flare. Prevailing torque 
must be 24-200 in-lb. 
~~ Figure 3-2. Seal and Joint Schematic for Engine Propellant Feed, Hydraulic Control, Exhaust, 
and Pressurization Systems (Sheet 8 of 20) 


Change No, 5 - 8 March 1971 3-15 


Section III R-3896-3 
Volume I 


ar ae ae et 


TYPE (a) 


Code | Zone Joint Description Closure 


FUEL PROPELLANT FEED SYSTEM (cont) 


Coolant supply tube to bearing coolant control 
valve 

Flange on feed tube 

Seal plate 

Flange on bearing coolant control valve 

Flange bolts (torque to 15-20 in-lb) 
F-23 Hypergo) manifold to hypergol manifold bleed 
adapter 

Flange on hypergol manifold 

Seal plate 

Flange on adapter 

Flange bolts (torque to 22 +2 in-lb) 


Hypergol manifold bleed adapter to hypergol 
bleed plug 

Flange on adapter 

Gasket 

Hypergol bleed plug 


F 3 


F-25 Facility check calips switch tube to interface 
panel adapter and to thrust OK pressure switch 
manifold 
Coupling nut at A Ad panel adapter (torque None N5 
to 270-344 in-tb){l) 
Coupling nut at manifcld adapter (torque to None N 5 
270-345 in-1b)(i) 
F-26 Thrust OK pressure switch to thrust chamber 
fuel manifold 
Flange on pressure switch 
Orifice plate 
Flange on fuel manifold 
Flange boits--1/4-inch (terque to 90 +10 
in- Ib) 
Flange bolts--3/8-inch (torque to 125 410 
in+ 1b) 


M 3 
AF 1 
M3 


F-27 No. 1 fuel inlet elbow plugs 
Flange on fuel inlet elbow 
Gasket 
Plug--1/8-inch (torque to 10-16 in- tb) 
Plug--1/4-inch (torque to 40-65 in-Ib) 


None 


(a) See figure 3-2A for closure description and R- 3896-4 for attaching hardware. 
{e) Lubricant grease RBO140-012 (Rocketdyne), 
(i) Torque value above prevailing torque obtained during last one-half turn before seating of tube 
flare, Prevailing torque must be 5U-200 in-ib. 
Figure 3-2. Seal and Joint Schematic for Engine Propejlant Feed, Hydraulic Control, Exhaust, 
and Pre. surization Systems (Sheet 9 of 20) 


3-16 Change No. 5 = 8 March 197) 


R-3896-3 Section IT 
Volume I 


Lube 
and 
Method 


Type 
Clo sure) 


Joint Description 


FUEL PROPELLANT FEED SYSTEM (cont) 
F-27 No. 2 fuel inlet elbow plugs 
Flange on fuel inlet elbow 
Gasket 
Plug--1/8-inch (torque to 10-16 in- 1b) 
Plug--1/4-inch (torque to 40-65 in- lb) 


None 


¥F-28 No. 1 fuel turbopump outlet to fuel impeller 
balance cavity supply tube 

Flange on supply tube 

Orifice 

Flange on turbopump outlet 

Flange bolts (torque to 50-70 in- Ib) 


Gor 0 2 
AF 1 
02 


Fuel impeller balance cavity supply tube to fuel 
impeller balance cavity supply inlet 

Flange on supply tube 

Packing 

Flange on turbopump volute 

Flange bolts (torque to 170-270 in-1b) 


Gor AN 1 


M2 


Fuel impeller balance cayity return to fuel 
impeller balance cavity return hose 
Flange on turbopump volute 
Packing 
Flange on return hose 
Flange bolts (torque to 170-270 in-lb) 


M2 


G or AN 1 


F-29A Fuel impeller balance cavity return hose to 
No. 2 fuel pump inlet 

Flange on return hose 

Orifice 

Flange on fuel pump inlet 


Flange bolts (torque to 50-70 in-1Ib) 


Gorc4 
AF 1 
M 2 


HELIUM SYSTEM 
H-1 Helium supply wrap-around duct to helium 
supply duct (heat exchanger end)\¢ 

Flange on wrap-around duct 

Seal plate 

Flange on supply duct 

Flange nuts (torque to 265 +5 in-in) 


GorM6 
AF 2 
Gor M6 


(a) See figure 3-2A for closure description and R-3896-4 for attaching hardware. 
(c) See figure 3-1 for alinement requirement. 
(e) Lubricant grease RB0140-012 (Rocketdyne). 
pen i a ee 
Figure 3-2, Seal and Joint Schematic for Engine Propellant Feed, Hydraulic Control, Exhaust, 
and Pressurization Systems (Sheet 10 of 20) 


Change No. 4 - 8 Octcner 1970 3-17 


Scction 1] R-3896-3 
Volume I 


Lube 
and 
Method 


Type (a) 
Closure 


Joint Description 


HELIUM SYSTEM (cont) 


Helium supply duct eat exchanger end) to 
helium bypass hosele 

Flange on supply duct 

Orifice 

Flange on bypass hose 

Flange bolts (torque to 104 +10 in-Ib) 


Helium bypass hose to heliam return duct 
(heat exchanger end)\© 

Flange on bypass hose 

Seal plate 

Flange on return duci 

Flange bolts (torque to 100 +10 in-lb) 


Helium supply axes (neat exchanger end) to 
heat exchanger (C 

Flange on supply duct 

Seal plate 

Flange on heat exchanger 

Flange bolts (torque to 110 +10 in- Ib) 


Gorc il 
AF2 
Cc? 


Heat exchanger 6 helium return duct (heat 
exchanger end)ic 

Flange on heat exchanger 

Seal plate 

Flange on return duct 

Flange bolts (torque tc 110 +10 in-lb) 


C7 
AF 2 
Gore il 


Helium return duct (heat exchanger end) to 
helium return wrap-around duct) 

Flange on retuin duct 

Seul plate 

Flange on wrap-around duct 

Flange nuts (torque to 265 +10 n-lb) 


G or C 10 
AF 1 
G or C 10 


HYDRAULIC CONTROL SYSTEM 


HC-1} C4 Hydraulic ¢upply wrap-around duct to engine 


control valve ground hydraulic supply hose!© 


Flange on wrap-around duct Gor AM 1 
Seal plate AF 1 
| Flange on supply hose G, P 2, or 
F 12(m) 


Flange nuts (torque to 225 +15in-Jb) 


(a) Sce figure 3-2A for closure description and R- 3896-4 for attaching hardware. 
{c) See figure 3-1 for alinement requirement, 
f (m) Closure F 12 used with Hne installed on engine; closure fasteners torqued to 15-20 in-Ib, 


——. 


Figure 3-2, Seal and Joint Schematic for Engine Propellant Feed, Uydraulic Control, Exhaust, 
and Pressurization Systems (Sheet 1i of 20) 


3-18 Change No. 5 - 8 March 1971 


R-3896-3 Section III 
Volume I 


Lube 
and 


Type 
Method (a) 


Clesure 


Code Joint Description 


HYDRAULIC CONTROL SYSTEM (cont) 


Engine control valve ground al supply hose 
to GSE hydraulic supply check valve\¢ 

Flange on supply hose 

Seal plate 

Flange on check valve 

Flange nuts (torque to 85 +5 in-1b) 


HC-2 


GorL8 
AF 1 
L8 


HC~3 GSE hydraulic supply check valve to engine 
control valve 

Flange on check valve 

Retainer 

Packing 

Retainer 

Flange on engine control valve 


Flange bolts (torque to 80-100 in-1b) 


'Q4 


Qi 


HC~4 No. 2 fuel MENS eeure duct to engine control 
valve supply tube(c) 
Flange on high-pressure duct F4 
O-ring {e)K 
Spacer None AB 
O-ring (e)K 
Flange on supply tube G or F 4 
Flange bolts (torque to 85 +5 in-1b) 
HC-5 Engine control valve supply pike to engine 
hydraulic supply check valve" 
Flange on supply tube Gor L 8 
O-ring (e) K 
Spacer None AB 
O-ring (e) K 
Flange on check valve L8 
Flange bolts (torque to 85 +5 in- Ib) 
HC-6 Engine hydraulic supply check valve to engine 
control valve 
Flange on check valve Qi 
Retainer 
Packing (j) M 
Retainer 
Fiange on engine control valve Qi 
Flange bolts (torque to 80-100 in-1b) 


(a) See figure 3-2A for closure description and R-3896-4 for attaching hardware. 
_(c) See figure 3-1 for alinement requirement. 
‘(e) Lubricant grease RBO140-012 (Rocketdyne). 
(j) Hydraulic fluid (MIL-H- 5606), | 


ne emer: 


Figure 3-2. Seal and Juint Schematic for Engine Propellant Feed, Hydraulic Control, Exhaust, 
and Pressurization Systems (Sheet 12 of 20) 


Charge No. 7 - 24 March 1972 3-19 


Section II 
Code Zone 
HO-7 b4 
HC-7 D4 
HC-8 D4 
HC-8 D4 
HC-9 G9 
HC 9 G1 


R-3896-3 
Yolume I 


Joint Description 
HYDRAULIC CONTROL SYSTEM (cont) 


Engine control valve to propellant valves close 
tube(e) (Engines not incorporating MD96 change) 

Flange on engine control valve 

Seal plate 

Adapter 

Seal plate 

Flange on close tube 

Flange bolts (torque to 60 +5 in-Ih) 


Engine contrel valve to propellant valves close 
tube(¢) (Engines incorporating MD96 change) 
Flange on engine control valve 
Seal plate 
Fiange on close tube 
Flange bolts (torque to 85 45 in-Ib) 


Enging control valve to propellant valyes open 
tubel€? (Engines not incorporating MD96 change) 

Flange on engine control valve i. 

Seal plate 

Adapter 

Seal plate 

Flange on open tube 

Flange bolts (torque to 60 +5 in-lb) 


Engine control valve to propellant valves open 
tube(¢) (Engines incorporating MD96 change) 
Flange on engine control valve ~~ 
Seal plate 
flange on open tube 


Flange bolts (torque to 85 +5 in- 1b) 


Propeliant valves open tube to No. 1 oxidizer 
valve(©) 
Flange on vpen tube 
Orifice plate 
Flange on oxidizer valve 
Flange bolts (torque to 46 +3 in-Ib) 


Propellant valves open tube to No. 2 oxidizer 
valvet© 

Flange on open tube 

Orifice plate 

Flange on oxidizer valye 

Flange bolts (torque to 46 43 in-lb) 


Lube 
and 
Method 


None 
None 
None 


None 


None 
None 
None 


None 


None 


None 


(a) See figure 3-2A for closure description and R-3896-4 for attaching hardware. 


(c) See figure 3-1 for alinement requirenient. 


Figure 5-2. Sealand Joint Schematic for Engine Propellant Feed, Hydraulic Control, Exhaust, 
and Pressurization Systems (Sheet 13 of 20) 


3-20 


Change No. 4 - 8 October 1970 


Type 
Closure 


F4 
AF i 
AB 
AF t 
Gor F4 


F 4 
AF 1 
G or F 4 


F4 
AF 1 
AB 
AF 1 
Gor F 4 


F 4 
AF 1 
Gor F 4 


GorLil 
AF 2 
Ll 


GorLi 
AF 2 
LJ 


(a) 


R-3896-3 Section HI 
Volume I 


Lube 
and 


Type (a) 
Method 


Closure 


Joint Description 


HYDRAULIC CONTROL SYSTEM (cont) 


HC2- 1 Propel 
valve(e 
Flange on open tube 
Seal plate 
Flange on oxidizer valve 


Flange bolts (torque to 30 +3 in- lb) 


ant valves open tube to No. 2 oxidizer 


HC-10 Propellant valves close tube to No. 1 oxidizer 
valvelc 
Flange on close tube 
Seal plate None 
Flange on oxidizer valve 


Flange bolts (torque to 85 +5 in-1Ib) 


HC-10]} Gl Propellant valves close tube to Nc. 2 oxidizer 
valvel¢ 
Flange on close tube Go 
Seal plate None AF i 
Flange on oxidizer valve L5 
Flange bolts (torque to 85 +5 in-1lb) 
HC-1t] G8 Propellant valves close tube to No. 1 fuel 
valve\¢ 
Flange on close tube G or 
Seal None AF 1 
Flange on fuel va.ve L7 
Flange bolts (torque to 36 +3 in-1b) 
HC-11; G3 ence valves close tuuc ‘> No. 2 fucl 
valve\¢ 
Flange on close tube GorLs 
Seal None AF 1 
Flange on fuel valve L7 
Flange bolts (torque to 36 +3 in-Ib) 


HC-12) C5 Propellant valves close tube to gas generator 
close tubet¢ 
Flange on propellant valves close tube Gor L6 
Seal plate None AF i 
Flange on gas generator close tube G or L 6 
Flange nuts (torque to 36 43 in-lb) 


HC-13| BS Gas generator close tube to gas generator (¢) 
Flange on close tube G or L 6 
Seal plate None AF 1 
Flange on gas generator L6 
Flange bolts (torque to 36 +3 in-ib) 


er rer ne 


re rrr ccs ee mtn i er 


Figure 3-2, Seal and Joint Schematic for Engine Propellant Feed, Hydraulic Control, Exhaust, 
and Pressurization Systerns (Sheet 14 of 20) 


Charge No, 4 = 8 October 1970 3-21 


Section III R- 3896-3 
Volume I 


Lube 
and Type (a) 
Joint Description etd Closure“ 
HYDRAULIC CONTROL SYSTEM cou 
No. 2 oxidizer valve sequence valve to sequence 
valve line 
Flange on sequence valve L3 
Seal plate None AF 1 
Flange on sequence valve line Goer L6 
Flange bolts (torque to 36 +3 in-1b) 
Sequence valve line to No. 1 oxidizer valve 
sequence valv-(c) 
Flange on sequence vaive line GorL6 
Seal plate None AF 1 
Flange on sequence valve L 3 
Flange bolts (torque to 30 43 in-lb) 
No. 1 oxidizer valve to gas generator onen 
tube\© 
Flange on oxidizer valve L 3 
Seal plate None AF 1! 
Flange on gas generator open tube GorLi7 
Flange bolts (torque to 36 +3 in-1b) 
HC-17} B5 Gas generator open tube to gas generator”) | 
Flange on open tube Gor R2 
Orifice plate None AF 2 
Flange on gas generator Ri 
Flange bolts (torque to 85 45 in-Ib) 
HC-18{| E5 Pronger valves open tube to ignition monitor 
valve(c 
Flange on open tube Gor L5 
Seal plate None AF 1 
Flange on ignition monitor valve L5 
Flange bolts (torque to 85 45 in-1b) 
HC-19} E6 Ignition mo nor valve to No. 1 fuel valve open 
control tube 
Flange on ignition monitor valve L 6 
Seal plate None AF 1 
Flange on open control tube Gor. 6 
Flange bolts (torque to 36 43 in-1lb) 
HC-20; G8 No. 1 fyel valve open control tube to No. 1 fuel 
valve\® 
Flange on open control tube GorL? 
Orifice plate None AF 2 
Flange on fuel valve | L7 


Flange bolts (torque to 36 43 in-ib) 


(a) See figure 3-2A for closure description and -3896-4 for attaching hardware. 
(ce) See figure 3-1 for alinement requirement. 


Figure 3-2, Seal and Joint Schematic for Engine Propellant Feed, Hydraulic Control, Exhaust, 
and Pressurization Systems (Sheet 16 of 26) 


3-22 Change No. 4 - 8 October 1970 


i a cet 


R-3896-3 Section HI 
Volume J 


Lube 
and Type (a) 
Code | Zone Joint Deseription Method]  Cloasure~ 
HYDRAULIC CONTROL SYSTEM (cont) 
HC-21! ES Ignition mene valve to No, 2 fuel valve open 
control tube 
Flange on ignition menitor valve L6 
Seal plate None | AF 1 
PFlange on open control tube Gor L6& 
Flange bolts (torque to 36 43 in-lb) 
HC-22 | G3 Nu. 2 fuel valve open contro) tube to No. 2 fuel 
valve'® 
Flange on open control tube Gorl.7 
Orifice plate None | AF 2 
Flange on fuel valve (+L? 
Flange bolts (torque to 36 43 in-Lb) 
HC-23 | Go Thrust chamber fuel manifold to ignition monitor 
valve sense tubes 
Flange on fuel manifold L 6 
Seal plate Nene AF 1 
Flange on sense tube GorLs6 
Flange nuts (torque to 52 +6 in-)b) 
HC-24 | #5 Ignition monitor valve sense tube to ignition 
moniter vatvel© 
Flange on sense tube GorLit 
Retainer {e) J 
O-ring (e) J 
Retainer fe) J 
Flange on ignition monitor valve AD g 
Flange bolts (terque to 75 45 in-1b) 
Ho-25 7 ES Ignition monitor valve to ignition monitor valve 
return line 
Flange on ignition monitor valve L. 2 
Seal plate None AF 1 
Flange un return line Gor 1,2 
Fiange bolis (torque to 46 43 in- 1b) 
HO-26 | 2 Ignition monitor yalve return bLne to actuator 
return se 
Flange on ignition monitor valve return line Gor L2 
Seal p.ate None AF 1 
Flange on actuator return line L2 


Flange boJts (torque to 46 43 in-Ib) 


(a) See figure 3-2A for closure description and R-384 2-4 for attaching hardware. 
{c) Seo figure 3-1 for alinement requirement. 
(e) Jubricant grease RBO140-012 (Rocketdyne). 


ns 
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Fioure 3-24. Seal and Joint Schematic for Engine Propellant Veed, Hydiaulic Control, exhaust, 
end Pressurization Systems (Shect 16 of 20) 


Change Na, 4 - 8 Octahar 1970 3-23 


Section JI R-3896-3 
Volume 1 


a a re ne ge A A pte 


Lube 
and Type (a) 
Code “Zone Joint Deseription Method Closure“ 


HYDRAULIC CONTROL SYSTEM (cont) 


HC-97 Engine control valve to system return line 


Flange on engine control valve Mi 
Seal plate None AF 1 
Flange on system return line Gor M1 
Flange bolts (torque to 100 +5 in~lb) 
HC-28 System return line to actuator return line 
Flange on system return line Gor M1 
Seal plate None AF Jj 
Flange on actuator return line GorM i 
Flange nuts (torque to 85 45 in-lb) 
Hc-29 | p3 | Checkout valve to actuator return line 
Flange on checkout valve B i 
Seal plate None AF 1 
Flange on actuator return line Gor G 12 
Flange bolts (torque to 185 +5 in-lb) 
Hl-30 ) C2 Actuator return line to actuator return line 
cover 
Flange on return line (No. 1 si¢e) G or C 3 
Seal plate None AF 1 
| Cover 
Attach nuts (torque to 160 +5 in-lb) 
Fiange on return line (No. 2 side) Gore 3 
Seal piate None AF 1 
Cover 
Flange nuts (torque to 160 +5 in-lb) 
HC-31 | B3 Checkout valve .o checkuout valve engine return 
hose 
Flange on checkout valve 31 
Seal plate None AF 1 
Flange on return huse G 
Flange bolts (lorque to 185 45 tn- ih) 
H@-32 | B4 Checkout valve engine return hose to No. 2 fuel 
inlet elbow 
Flange on return hose G 
Seal plate None AF 1 
Flange on fuel inlet elbow Bl 


Flange bolts (torque to 180 +10 in-Ib) 


fa) See figure 3 2A for closure deseriplion and H-3896-4 fur attaching haravare. 


ON eee 


ree 


Figure 3-2. Seal and Jotnt Schematic for Engine Propellant Feed, Hydvanutic Control, exhaust, 
and Pressurization Systems (Sheet 17 of 20) 


3-24 Change No, 4 + 6 Octuber 1970 


HC-33 


Hic-34 


HC -36 


HC-37 


HC-.38 


R- 3896-3 Section LI 
Volume I 


Lube 
Joint Description 
HYDRAULIC CONTROL SYSTEM (cont) 


Checkout valve to checkout valve ground return 
hose 


Flange on checkout valve C3 
Seal plate None | AF 1 
Flange on return hose G 


Flange bolts (torque to 75 45 in-lb) 


Checkout valve ground return hose to hydraulic 
return wrap-around duct 
Flange on return hose 


and Type (a 
Method | Closure“? 


G, R2, or 


R 13(n) 
Seal None AF 1 
Flange on wrap-around duct GorMi 
Flange nuts (torque to 80 15 in-th) 
Engine control yalve lo redundant shutdown supply 
line 
Coupling nut on supply line (torque to 180-230 None N 1 
in- tb) 
Fitting on engine control valve None AJ 1 
Redundant shutdown supply line to redundant shut- 
down valve 
Flange on supply line Gorsl 
Seal plate Mone AF 1 
Flange on redundant shutdown valve $1 
Flange boits (torque to 90 +5 in-lb) 
Redundant shutdown valve to redundant shutdown 
valve override line 
Flange on redundant shutdown valve Ti 
Seal plate None AF 1 
Fiange on override line GorTl 
Flange bolts (torque to 90 +5 in-1b) 
Redundant shutdown override line to engine 
control valve 
Coupling aut on override line (torque to None N 2 
270-945 in-Ib)!l 
Fitting on engine control valve None AJ 2 


(a) See figure 3-2A for closure description and R-3896-4 for attaching hardware. 


{k) Torque value above prevailing torque obtained during lasi one-balf turn of coupling nut before 
seating of tube flure. Prevailing torque must be 35-200 in-Jb. 
(1!) Torque value above prevailing torque obtained during last one- half urn of coupling nut before 
seating of tube flare. Prevailing torque must be 35-200 in-lh. 
(n) Closure R 13 used with hose installed on engine; closure fasteners torqued to 15-20 in-lb, 


Figure 3-2. Seal and Joint Schematic for Engine Propellant Feed, Hydraulic Control, Exhaust, 


ett 


and Pressurizaution Systems (Sheet 18 of 20) 


Change No. § - 38 March 1971 


3-24A 


Section III R- 3896-3 
Volume I 


Lube 
and Type (a) 


Code Joint Description Method | Closure 


a eR rr re ee stm ee 


EXHAUST SYSTEM 


E-1 c5 Gas Boner aoe ball valve (oxidizer) to gas generator 
injector c) 
Flange on gas generator ball valve 
Seal plate 
Flange on gas generator injector 
Flange bolts (torque to 150-170 in-Ib) 


E-2 5 Gas generator ball valve (fuel) to housing tee and 
housing tee to gas generator injector (c 
¥ilange on gas generator ball valve 
Retainer (2 reqd) 
Q- ving/packing (2 reqd) 
Housing 
Retainer 
O-ring/packing 
lange on gas generator injector 
Flange nuts (torque fingertight) 


AD 3 


E-3M | C6 Gas generator combustor to turbine manifold 
inlet(e) 
Flange on gas generator combustor 
Seal plate 
Flange on turbine manifold inlet 
Flange bolts (torque to 930 410 in-th) 


E-4M | CG Turbine to heat exchanger 
Flange on turbine 
Pressure-actuated seal 


Flange on heat exchanger Y1 
Flange nuts (torque to 135 +5 in-Ib) 

E-5M | D6 Heat exchanger tc exhaust manifold ©) 
Flange on heat exchanger Zi 
Pressvure-actuated seal AFI 
Flange on exhaust munifold 42 


Flange nuts (torque to 135 +5 in-1b) 


(a) See figure 3-2A tor closure description and R- 3896-4 for attaching hardware. 

(c) See figure 3-1 for alinement requirement. 

(f) ¥S1281 grease (Dow Corning Corp). 

— Figure 3-2. Seal and Joint Schematic for Engine Propellant Feed, Hydraulic Control, Exhaust, 
and Pressurization Systems (Sheet 19 of 20) 


3-24B Change No, 4 - 8 October 1970 


R-3896- 3 Section III 
Volume J 


Lube 
and Type fa) 
Joint Description Method | Closure 


EXHAUST SYSTEM (cont) 


Thrust enupber to thrust chamber nozzle 
extension \¢ 

Flange on thrust chamber 

Asbestos seal 

Flange on nozzle extension 

Flange nuts (torque to 120 +5 in-1b) 


Gas generator igniter ports 
Washer 
Plug (torque to 690-650 ia-Ib) 


Nozzle extension igniter ports 
Plug (torque fingertight) 


(a) See figure 3-2A tur closuce description and R- 3896-4 for altaching hardware. 
(c) See figure 3-1 for alinement requirement. 


Figure 3-2. Seal and Joint Schematic for Engine Propellant Feed, Hydraulic Control, Exhaust, 
and Pressurization Systems (Sheet 20 of 20) 


Change No, 4 - 8 October 1970 3-24C 


Section III R- 3896-3 
Volume I 


TVPE A TYPE ® 
1 RX20097-27 4 12X%20615-11 1 RX 20607 1 RX20619-211 7 RKI9DG-44060-021 
tfugh (oxidizer) 2- RX20607-81 2 WX20610-221 9 20610-2814 
2 RX20697- 10 5 X20040-11 3 RX 20607-31 3 RX2C610-241 9 W¥20610-371 
daxtdived) {fuel} 4 RX20607-6) 4 KX20645-4}4 10 RK395- 10002-0141 
3 RX20697-23 5 R¥20868-17% 21 106 20610-36) 
(fac & RKIOS- 44060-6001 12 1tX2D6)9-301 
13-HKI93-41010-011 
TYPE D TYPE fF. 1Y0h F 


1 1tX20617 

RX 2066U 
RX20660-C3 
RX20673.44 
RKG95- 10004 
-021 

6 WK3G5- 10004 
T RK2O61E 
8 
9 


amon 


1- RX20605-11 
2 Rx20005 
3 RX20605-41 


HX20832- 11 
HX298IJ-21 
10 RX2063¢ 
2 Wx20825-41 11 Wx2066U-65 
12-11K395- 44001 -021 


TYPE N TYPE 
ae St 


TYPEG 


ACLAR 


TATE 
TAPE 

fLUID SYSTEM 
IDENTIFICATION 
1 ABLL 


7 1 mx20695 


TYPE K 


S CER DDRICA PION OF 
CLEANNESS LABEL 


2 WKIIS- 10061 


TATE 


~“POLYE THY] ENE BAG 


1 RKI95- 44016 


Ft-3-5-749R 


Figure 3-2A. Kugine Protective Closures (Sheet 1 of 3) 


3-24) Change No, 5 - 8 March 1971 


R-3896-3 Section UL 
Volume | 


ee 


TYPE L 
TYPE M tYPEN 


eo 
| fj &y 
1 RD265-2691-0002 B 3#N265-2001-0005 
2-RD265-2001-0903 7 RN2Z65-2001-0020 


: 12 PM20645 5: HK399-10023-051 fi 
1 12X20660-9 &- RX20660-45 3-RD265-2001-0004 8 RD265-2001-0010 
2- RX29860-27 6- RX20660-57 P=RXZ20010-111  S-RK395-10023-021 —4-1kD2B5-2001-G005 9 ND265-2001-0012 
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Figure 3-3. Seal and Joint Schematic for Engine Purge and Overboard Diain Systems 
(Sheet 1 of 18) 


Change No, 4 - 8 October 1947 3-24G 


Section III R- 3896-3 
Voluine I 


Lube 
and 
Joint Description Method 


Type (a) 


Code Zone Closure 


OXIDIZER PURGE AND DRAIN SYSTEM 


0-1 AQ Oxidizer dome purge wie around hose to No. 1 
oxidizer vaive dome purge line\© 


Flange on wrap-around hose GovlL 5 


Seal plate None AF I 
Flange on dome purge line Gor lL 6 
Flange nuts (torque to 75 45 in-tb) 
0-2 H6 No. 1 oxidizer valve dome purge iine to oxidizer 
overboard drain tube 
Coupling nut on drain tube (torque to 135-185 (b) G N 6 
in-lb) 
Adapter on purge line {b) A AE 
0-3 ET Oxidizer overboard drain tube to tee 
Coupling nut en drain tube (torque to 125-185 | (b) G NS 
in-lb} 
Tee {b) A Ad 2 
0-4 C5 Gas generator ball valve to gas generator ball 
valve shaft oxidizer seal vent tube 
Fitting on gas generator hall valve (bo) A AJ 1 
Coupling nut un seal vent tube (torque to (b) G N3 
135-185 in-Ib) 
0-5 D7 Gas generator ball valve shaft oxidizer seal 
vent tube to tee 
Coupling nut on seal vent tube (tocque tu (bh) G N 3 
135-185 in-1Ib} 
Tee (b) A Ad! 
0-6 F8 | No. 1 oxidizer valve to No. 1 oxidiser valve 
actuator rod seal vent tube 
Fitting on oxidizer valve (ob) A AJ I 
Coupling nut on vent tube (torque to {b) G N 3 
135-185 in-ib) 
0-6 ¥2 No. 2 uridizer valve to No. 2 oxidize. valve 
actuator rod seal yent tube 
Fitting on oxidizer valve (b) A AJ i 
Coupling nut on vent tube (terque to (b} G |N 3 
135- 185 in-1b) { 


(a) See figure 3-24 fr closure description and R- 3896-4 for attaching hardware. 
(bo) Lubricant grease RBO140-012 (Rocketdyne). 
{c) Sea Hyure 3-3) for alinoment requirement, 


Figure 3-3. Seal and Joint Schematic for Engine Purge and Overboard Drain Systems 
(Sheet 2 of 18) 


3- 24H Change No. 4 - 8 October 197C 


R-3896-3 Section lit 


Volume I 
Lube ia 
and Type (a) 
Code Zone Juint Deseripuon Method | Closure“ 


OXIDIZER PURGE AND DRAIN SYSTEM (cont) 


0-7 D7 No. 1 oxidizer valve actuator rod seal vent tube 
to tee 
Coupling nut on vent tube (torque to 135-185 (b) G 
in~ lb) 
Tee {b) A 
6-8 4 No. 2 oxidizer valve actuator "e! seal vent tube 
to union { 
Coupling nut on vent tube (torque to 135-185 (b) G 
in-lb) 
Union (b) A AJ I 
0-9 D4 Union to oxidizer vent overboard drain tube 
Union (b) A AJ 1 
Coupling net on drain tube (torque to (b) G N 3 
135-185 in-Jh) 
)- 10 D7 Oxidizer vent overboard drain tube to tee 
Coupling nut on drain tube (torque to (b) G N 3 
135-185 in-lb) 
Tee (b) A AJ } 
0-11 yi Tee to ovidizer overboard drain tuhe (2 places) 
Tee (b) A AJ 2 
Coupling nut on drain tube (torque to (b) G N 5 
450-525 in-lb) 
0-12 E7 Tee to oxidizer overbuard drain tube 
Tee (b) A AJ 2 
Coupling nut on drain tube (torque to (b) G N5 
450-525 in- Ib) 
0-13 kK? Oxidizer overboard drain tube to oxidizer over- | 
board drain line | 
Coupling nut on drain tube (torque to {b) G N5 
450-525 in-Ib) 
Fitting on drain line (b) A AJ 2 
h- 14 Ad Lurbopumpn to oxidizer drain tube 
Fitting on turbopump (b) A Ad 3 
Coupling nut on drain tube (torque to (b) G N 7 
500 +25 in-lb) 
I 


() Sec figure 3-2A for closure description and R- 3496-4 for allaching hardware. 
(b) Lubricant grease RB0140-012 (Rocketdyne). 
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Figure 3-3. Seal and Join. Schematic for Engine Purge and Overboard Drain Systems 
: (Shect 3 of 18) 


Change Nu, 4 ~- 8 October 1970 3-24) 


Section HT R- 3896-3 


Volune I 
Lube 
and Type (a) 
Zane Joint Description Method | Closure“ 


OXINIZER PURGE AND DRAIN SYSTEM (cont) 


0-15 A6 Oxidizer drain tube to oxidizer seal vent tube 
Coupling nut on drain tube (torque to 
1, 500-1, 800 in-1b) 
Fitting on vent tube 


N 7 
AJ 3 


0-16 D7 Oxidizer seal vent tube to oxidizer overboard 
drain line 


Flange on seal vent tube G or F 10 
Pressure-actuated seal AF 1 
Flange on overboard drain line G or F 10 
Flange nuts (torque te 45 +2 in-Ib) 
0-17 G7 Oxidizer overboard drain line to oxidizer over- 
board drain line 
Flange on overboard drain line Gor F 10 
Pressure-actiated seal AF 1 
Flange on overboacd drain line Gor F 10 
Flange nuts (torque to 36 +2 in-lb) 
FUEL PURGE AND DRAIN SYSTEM 
F-1 BT No. 1 fuel inlet elbow drain quick-disconnect 
Mounting boss Oi 
Seal plate None AF 1 
Flanged adapter (torque bolts to 40-50 in- 1b) AK 3 
Relainer (b) J 
Packing (b) J 
Retainer (b) J 
Flange on quick-disconnect (torque bolts to 
40-50 in- lb) 
Cap (torque to 70-75 ft-lb) 
¥-1 B4 No. 2 fuei inlet elbow drain quick- disconnect 
Mounting boss 
Seal piate None AF 1 
Flanged adapter (torque bolts to 40-50 in-1b) AK 3 
Retainer (b) J 
Packing (bd 
Retainer (b)J 
Flange on quick-disconnec! (lorque bolts to 
40-60 in-Ib) | 
1 Cup (torque to 70-75 ft-lb) | 


Se hiner acanierStmemnettetetoeamentaamd 


{b) Lubricant grease RBQ140-012 (Rocketdyne). 


Figure 3-3. Seal and Joint Schematic for Engine Purge and Overboard Drain Systems 
(Sheet 4 of 18) 


3- 24K Change No. 4 - 8 October 1970 


R- 3896-3 Section Iil 
Volume I 


Lube 
and Type fa) 
Joint Description Method | Closure‘ 


Zone 
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FUEJ, PURGE AND DRAIN SYSTEM (cont) 


Gas generator ball valve fuel drain quick- disconnect 
Mounting boss F 6 
Gasket (b) J 
Threaded adapter (torque to 220 410 in- ib) N 5 
Gasket (b) J 
Body (torque to 220 +10 in-Ib) (b) A AJ 4 
Cap (torque to 220 +10 in-lb) 


Preservative inlet quick-disconnect 
Flange on bearing coolant control valve AG 1 
Retainer (b) J 
O-ring {b) J 
Retainer (ob) J 
Flange on quick- disconnect AK 2 
Flange bolls (lorque te 40-50 in- 1b) 
Cap (torque to 30-40 ft-1b) 


Ignition monitor valve control port quick- disconnect 
Flange on ignition monitor valve Li 
Retainer (b) J 
O-ring (b) J 
Retainer (b) J 
Flange on quick-disconnect AK 2 
Flange bolts (torque to 75 +5 in-Ib) 
Cap (torque to 30-40 ft-lb) 


Hypergol manifold drain quick- disconnect 
lange on hypergol manifold F 8 
Retainer (o) J 
O- ring (b) J 
Retainer (b) 5 
Flange on quick-disconnect AK 1 
Flange boits (torque to 27-30 in-lb) 
Cup (torcue to 30-40 ft-lb) 


Hypergol manifold purge quick- disconnect 
Flange on hypergol manifold F3 
Retainer (bh) J 
O-ring {b) J 
Retainer (b) J 
Flange on quick-disconnect AK 2 
Flange bolts (torque to 72-88 in-Ib) 
Cap (torque to 30-40 ft-lb) 


(a) See figure 3-2A for closure description and R-3896-4 for attaching hardware. 
(b) Lubricant grease RB0140-012 (Rocketdyne). 


. Figure 3-3, Seal and Joint Schematic for Engine Purge and Overboard Drain Systems 
4 (Sheet § of 18) 


Change No. 4 - 8 October 1970 3-241 


Section HI R-3896-3 
Volunie J 


Lube 
und Type (a) 
Method | Closure“ 


Code Zone Joint Description 
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FUEL PURGE AND DRAIN SYSTEM (cont) 


F-7 EY No, 1 fuel high-pressure duct drain quick- 
disconnect 
Flange on fuel high-pressure duet 
Retainer 
O- ving 
Retainer 
Flange on quick- disconnect 
Flange bolts (torque to 43 43 in- lb) 
Cap (tarque to 30-40 ft- 1b} 
F-§ G8 No. 1} fuel valve purge quick-disconnect 
Flange on fuel valve 
Retainer (oj d 
Packing (b) J 
Retainer (b) J 
Flange on quick- disconnect 
Flange bolts (torque tu 35 +2 in-Lb)} 
Cap (torque to 30-40 ft- 1b) 


AK 2 


No. 2 fuel valve purge quick-disconnect 
Flange on fuel valve 
Retainer (b) J 
Packing (b) J 
Retainer (b) J 
Flange on quick-disconnect 
Flange bolts (torque to 35 +2 in- Ib) 
Cap (torque to 30-40 ft-lb) 


L4 


AK 2 


F-9 G6 No. I fuel manifold inlet drain quick- disconnect 
Mounting boss 
Retainer (b) J 
Packing (b) J 
Retainer (b) J 
Adapter (torque bolts to 75 45 in-lb) 
Gusket (b) J 
Quick-disconnect (torque to 135 415 in- 1b) (b) A 
Cap (torque to 30-40 ft-lb) 


FO6 


N 5 
Ad 4 


F-9 G5 No. 2 fuel manifold inlet drain quick- disconnect 
Mounting boss 
Retainer (b) A 
Facking (b) J 
Retainer (bp) A 
Adapter (torque bolts to 75 £6 in-Lb) 
Gasket (b) J 
Quick-disconnect {torque to 135 +15 in- lb) (DA 
Cap (torque to 30-40 ft-lb) 


F 6 


N 5 
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Figure 3«3. Seal and Joint Schematic for Engine Purge and Overboard Drain Systems 
(Sheet 6 of 18) 


3- 24M Change No, 4 + 8 October 1970 


R- 3896-3 Section Ll 
Volume I 


Lube | 
and Type 


Code Zone Joint Description Method | Closure (a) 


FUEL PURGE AND DRAIN SYSTEM (cont) 


F-10 135 Gas generator ball valve to gas generator ball 
valve actuator fuel seal vent tube 
Fitting on actuator (bo) A AJ 1 
Coupling nut on vent tube (torque to (b) G N 3 
136-185 in-lb) 
F-11 B5 Gas generator ball valve actuator fuel seal vent 
tube to tee 
Coupling nut on vent tube (torque to (b) G N 3 
135-185 in- ll) 
Tee (b) A AJ 1 
F-12 C5 Gas yenerator batl valve to gas generator ball 
valve shaft fuel seal vent tube 
Fitting on ball valve (b) A AJ 1 
Coupling nut on vent tube (torque to (b)G N 3 
135-185 In- tb) 
F-13 Bb Gas vencrator ball valve shaft fucl seal vent 
tube to tee 
Coupling nut on vent tube (torque to (b) G N 3 
135-185 in- 1b) 
Tee (b) A AJ 1 
F-14 B5 Tee to gas generator fuel seal vents tube 
Tee (b) A Ad 4 
Coupling nut on vents tube (torque to (b) G N 5 
270-345 in-2b) 
F-15 B4 Gas generator fuel seal vents tube to union 
Coupling nut on vents tube (torque to (b) G N 5 
270-345 in-lb) 
Union (b) A AJ 4 
F-16 B4 Union to gas generator fuel seal vents tube 
Union (b) A AJ 4 
Coupling nut on vents tube (torque to {b) G N 5 
270-345 in-1b) 
F-17 F2 Gas generator fuel seal vents tube to tee 
Coupling nut on vents tube (torque to (b) G N 5 
270-345 in- lb) 
Tee (hb) A AJ 4 


(a} See figure 3-2A for closure description and R-3896-4 for attaching hardware. 
(b) Lubricant grease KB0140-012 (Rocketdyne). 
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Figure 3-3. Seal and Joint Schematic for Engine Purge and Overboard Drain Systems 
(Sheet 7 of 18) 


Change No, 4 - 8 October 1970 3+24N 


Section Mt R-3696-3 
Volume I 


Lube 
and 
Method 


Type 


Joint Description 


FUEL PURGE AND DRAIN SYSTEM (cont) 


Checkout valve to vheckuul valve actuator vent 
fuel overboard drain tube 
Fitting on checkout valve 
Coupling nut on drain tube (torque to 
270-345 in-1b) 


Checkout valve actuator yent fuel overboard 
drain tube to cross 
Coupling nut on drain tube (torque to 
270-345 in-lb) 
Cross 


Redundant shutdown valve to engine control 
valve override drain tube 
Fitting on redundant shutdown valve 
Coupling nut on drain tube (torque to 
135-185 Sn-lb) 


Engine control valve override drain tube to tee 
Coupling nut on drain tube (torque to 
135-185 in- lb) 
Tee 


Ignition monitor valve to ignition monitor 
valve drain tube 
Fitting on ignition monitor valve 
Coupling nut on drain tube (torque to 
270-845 in+lb) 


Ignition monitor valve drain tube to tee 
Coupling nut on drain tube (torque to 
270-345 in-~lb) 
i Tee 


F-24 E5 Tgniter fuel valve to igniter fuel valve vent 
overboard drain tube 
Fitting on igniter fuel valve 
Coupling nut on drain tube (torque to 
270-3845 in-Ib) 


F-25 F6 Igniter fuel valve vent overboard drain 
tube to tee 
Coupling nut on drain tube (torque to 
270-345 in- lb) 
Tee 


(a) See figure 3-2A for closure description and R-3896-4 for attaching hardware. 
(bo) Lubricant grease RBO140-012 (Rocketdyne). 


Figure 3-3. Seal and Joint Schematic for Engine Purge ‘and Overboard Drain Systems 
(Sheet 8 of 18) 


3-24P Change No. 4 - 8 October 1970 


Closure 


anes 


(a) 


R-3896-3 Section I 
Volume 1 


= Taibe 
and Type (a) 
Method |] Closure” 


Joint Description 
ram PURGE AND DRAIN SYSTEM (cont) 


No. 1 oxidizer valve to No. 1 oxidizer valve 
actuator seal fuel drain tube 
Fitting on oxicizer valve 
Coupling nut on drain tube (torque to 
135-185 in- ib) 


Na. 1 oxidizer valve actuator seal fue. drain 
tube to tee 
Coupling nut on drain tube (torque to 
135-185 in-tb) 
Tee 


No. | oxidizer valve to No. | oxidizer valve 
shaft seal fuel drain tube 
Fitting on oxidizer valve 
Coupling nut on drain tube (torque to 
135-185 in- tb) 


F-29 G9 


No. 1 oxidizer vaive shaft seal fuel drain 
tube to tee 
Coupling nut on drain tube (torque to 
135-185 in- lb) 
Tee 
F-30 G9 Tee to No. 1 oxidizer valve fuel overboard 
drain tube 
Tee 
Coupling nut on drain tube (torque to 
270-345 in- tb) 


No. 1 oxidizer valve fuel overboard drain 
tube to tee 
Coupling nut on drain tube (torque to (b)G N 5 
270-345 in- lb) 
Tee {bjA Ad 4 


F-32 G8 No. 1 fuel valve to No. 1 fuel valve position 
transducer vent drain tube 


Fitting on fuel valve (b)A AJ 1 

Coupling nut on drain tube (torque to (b)G N 3 
135- 185 in- lb) 

F-33 G8 Mo. 1 fuel valve pusilion transducer vent 
drain tube to tee 

Coupling nut on drain tube (torque to (b)G N 3 
135-185 in-1b) 

Tee (b)A AJ 1 


(fa) See figur: 3-2A for closure description and R- 3896-4 for attaching hardware. 
(b) Lubricant grease RBO140-012 (Rocketdyne). 
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Figure 3-3. Seal and Joint Schematic for Engine Purge and Overboard Drain Systems 
(Sheet 9 of 18 


Change No, 4 ~ 8 October 1970 3-24Q 


Section IN R- 3896-3 
Volume I 


oe 


Lube 
and 
Method 


Type (a) 


Jvini Description Closure 


Tee to fuel overboard drain tube (No. 1 side) 


- PURGE ANID DRAIN SYSTEM (cont) 
Tee io) A 
Coupling nut on drain tube (torque to (b)G 
450-525 in-lb) 
Fuel overboard drain tube to tee (Na. 1 side) 
Coupling nut on drain tube (torque to (bo) G 
450-6525 in- lb) 
Tee (b)A 
Tee to fuel overboard drain tube 
Tee (by A Ad 5 
Coupling nut on drain tube (torque to (b)G N 8 
650-750 in-lb) 
F-37 F3 Fu >! overboard drain tube to tee 
Coupling nut on drain tube (torque lo (b) G N3 
650-750 tu- lb) 
Tee QA AJ 5 
F-38 ¥-2 No. 2 oxidizer valve to No. 2 oxidizer valve 
actuator seal fucl drain tube 
Fitting on oxidizer valve (b) A Ad 1 
Coupling nut on drain tube (torque to (ob) G N3 
135-185 in-Ib) 
F- 39 Fl No. 2 oxidizer valve actuator seai fuel drain 
tube to tee 
Coupling nut on drain tube (torque to (b) G N 3 
135-185 in- lb) 
Tee (b) A AJ 1 
¥-40 G2 No. 2 oxidizer valve to No. 2 oxidizer valve 
shaft seal fuel drain tube 
Fitting on oxidizer vaive (oy A AS 1 
Coupling nut on drain tube (torque to (b) G N 3 
135-185 in- tb) 
F-41 Gl No. 2 oxidizer valve shaft seal fuel drain 
tube to tee 
Coupling nut on drain tube (torque to (b) G N3 
135- 183 in-lb) 
Tee (bj A Ad 1 


(a) See figure 3-2A for closure description and R- 3896-4 for attaching hardware. 
(ob) Lubricant grease RBO140-012 (Rocketdyne). 
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~ Figure 3-3. Seal and Joint Schematic for Engine Purge and Overboard Drain Systems 
(Sheet £0 uf 18) 
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Lube 
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Code Joint Description Method | Closure™ 
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FUEL PURGS AND DRAIN SYSTEM (cont) 


F-42 Tee to No. 2 oxidizer valve fuel overboard drain 
tube 
Tee AJ 4 
Coupling nut on drain tube (torque to N 5 
270-345 in-Ib) 
F-43 No. 2 oxidizer valve fuel overboard drain 
tube to tee 
Coupling nut on drain tube (torque to N 5 
270~345 in-lb) 
Tee AJ 4 
F-44 No, 2 fuel valve to No. 2 fuel valve position 
transducer vent drain tube 
Fitting on fuel valve Ad 1 
Coupling nut on drain tube (torque to N3 
135-185 in- lb) 
P-45 No. 2 fuel valve position transducer vent drain 
tube to tee 
Coupling nut on drain tube (torque to (b) G N 3 
135-185 in-1b) 
Tee (b)A Ad 1 
F-46 Tee to fuel overboard drain tube (No. 2 side) 
Tee (b) A AJ 2 
Couphng nut on drain tube (torque to (b)G N 6 
450-525 in- 1b) 
F-47 Fuel overbourd drain tube to tee 
Coupling nut on drain tube (torque to (b)G N 6 
450-625 in- Lb) 
Tee (b)A AJ 2 
F-468 F3 Tee to fuel overboard drain lube 
Yee (DJA Al 6 
Coupling nut on drain tube (torque to (b)G N 9 
900-1, 100 in- Ib) 
F-49 F2 Fuel overboard drain tube to cross 
Coupling nut on drain tube (torque to (b)G N 9 
900-1, 100 in-1b) 
Cross (b)A AJ 6 


Ok a Oe Meet Re LO 


(b) Lubricant grease RBO140-012 (Rocketdyne). 
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Figure 3-3. Seal and Joint Schematic for Engine Purge and Overboard Drain Systems 
y (Sheet 11 of 18) 


Change No, 4- 8 October 1970 3~24S 


ome Fy 


Section Jil R-8898-3 


Volum I 
Lube 
and Type (a) 
Code Joint Desuription Method | Closure 
FUEL PURGE AND DRAIN SYSTEM (cont) 
F-50 Tee to fuel overboard drain tubc 
Tee AJ 2 
Coupling nut on drain tube (torque to N 6 
450-525 in-Ib) 
F-51 Fuel overboard drain tube to crass 
Coupling nut on drain tube (torque to N 6 
450-525 in-tb) 
Cruss AJ 2 
I-52 Cross to fuel overboard drain tube 
Cross AJ 5 
Coupling nut on drain tube (torque to N 10 
1, 200-1, 400 in-Ib) 
¥-53 Fuel overboard drain tube to fuel overboard 
drain line 
Coupling nut on drain tube (torque to N 10 
1,200-1,400 in: lb) 
Fitting on drain line Ad § 
F- 64 Fuel overboard drain line to fuel overboard 


drain line 
Flange on drain line 
Seal plate 
Flange on drain line 
Flange nuts (torque to 26 42 in-lb) 


Gor F § 
AF } 
Gor F 5 


F-55604 BS Turbopump to No. 2 bearing lube drain li ie 
Fitting on turbopump 
Coupling nul on drain Jine (torque to 
450-525 in-ly)(2) 


AJ 5 
N3 


r-56(4 B6 No. 2 bearing lube drain line to fitel drain 
manifold 
Flange on drain fine 
Seal plate 
Flange on drain manifold 
Flange bolts (torque to 45 42 in-lb) 


Gor k il 
AF 1 
Gor F 11 


F- 57) B6 Turbopump to No. 1 bearing lube drain tube 
Fitting on turbopump 
Coupling nut on drain tube (torque to 


450-525 in-Ib)(e 


Ad 5 
N 8 


None 
None 
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Figure 3-3. Seal and Joint Schematic for Engine Purge and Qverboacd Drain Systems 
(Sheet 12 of 18) 
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R-~ 3896-3 Section Ul 
Volume J 
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Lube 
and 
Method 
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Closure® 


me 


Joint Description 


FURL PURGE AND DRAIN SYSTLM (cont) 


No. 1 bearing lube drain tube to fuel drain 
manifold 
Flacge on drain tube Gor F 11 
Seal plate None AF 1 
Flange on drain manifold G or F lt 
Flange bolts (torque to 45 42 in- lb) 


BS 
B8 


Turbopump to primary fuel seal drain tube 
(No, 2 side) 
Fitting on turbopump (b) A AJ 2 
Coupling nut on drain tube (torque to (b) G N 6 
450-525 in- lb) 


B6 Primary fuel seal drain tube (No. 2 side) to 
B9 fuel drain manifold 


Coupling nut on drain tube (torque to (b) G N 6 
450-525 in-tb) 
Fitting on drain manifold (b) A AJ 2 
AG Turbopump to primary fuel seal drain tube 
Bo (No. 1 side) 
Fitting on turbopump (b) A AJ 2 
Coupling nut on drain tube (torque to (b) G N 6 


450-525 in-lb) 


B6 Primary fuel seal drain tube (No. 1 side) to 


RO fuel drain manifold 
Coupling nut on drain tube (torque to (b) G N 6 
450-525 in-1b) 
Fitting on drain manifold (b) A AJ 2 
B5 Turbopump to fuel iniet seal drain tube 
Fitting on turbopump (b) A AJ 2 
Coupling mut on drain tube (torque to (hn) G N 6 
450-5256 in- kb) 
BS Fuel inlet seal drain tube (No. 2 side) to 
fuel drain manifold 
Coupling nut on drain tube (torgue to (b) G N 6 
450-525 in-~ lb) 
Fitting on drain manifold (by A AJ 2 


(a) See figure 3-2A for closure description and R-3896-4 for attaching hardware. 
(b) Lubricant grease RBO140-012 (Rocketdyne). 
(d) Engines not incorporating MD145 change. 
Figure 3-3. Seal and Joint Schematie for Engine Purge and Overboard Drain Systems 
(Sheet 13 of 18} 
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Section Ii! 


¥F-69 B6 
c9 


F-69A b6 
co 


F--70 H5 
H6 
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Figure 3-3. Seal and Joint Schematic for Engine Purge and Overboard Drain Systems 


R-3898-3 
Volume I 


tne ae Re rete, RR SRN ited te 


Lube 
and Type (a) 
Juint Description Method | Closure“ 


FUEL PURGE AND DRAIN SYSTEM (cont) 


Turbopump to fuel inlet seal drain tube 
(No. 1 side) 
Fitting on turbopump 


Coupling nut on drain tube ) 
(torque to 450-525 in-lb) 
(tovque to 270-346 in- Ib) 


Fue’ inlet seal drain tube (No. 1 side) to fuel 
drain manifold 
Coupling nut an drain tube (4) (b) G 
(torque to 450-525 in- tb) 
(torque to 270-345 in-Ib) 
Fitting on drain manifold (pb) A 


Turbapump to turbine bearing lube drain hose 
Flange on turbopump 
Seal plate None 
Flange on drain hose 
Flange bolts (torque to 35 £2 in-lp) 


Turbine bearing lube drain hose to fuel drain 
manifold 
Flange on drain hose 
Seal plate None 
Flange on drain manifold 
Flanpe bolts (torque to 45 42 in-lb) 


Fuel drain manifold to fuel overboard drain 


line 
Flange on drain manifold FO 
Seal plate None AF 1 
Flange on drain line GorF5 


Flange bolts (torque to 45 42 in-Jb) 


Cover plate on fuel drain manifold 
Flange on drain manifold F 5 
Seal plate None AF Ii 
Cover plate (lurque bolts to 45 +2 in- lb) 


Thrust chamber drain plugs (4 places) 
Drain port 


Gasket None 
Adapter N 2 
K-eeal None 


Drain plug (torque to 10 +2 ft-lb) 


Lubricant grease RB0N140-012 (Rocketdyne). 
Engines not incorporating MD145 change. 


ee 


; i, See figure 3-2A for closure description and R-3896-4 for attaching hardware. 
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R- 3896-3 Section "1 
Volunie J 


—— emp eee re 


eee 


Lube 
and Type (a) 
Code Zone Joint Description Method | Closure” 


ee 


NITROGEN PURGE AND DRAIN SYSTEM 


No, lL oxidizer valve dome purge tube to Na, | 
oxidizer dome purge check valve 

Flange on purge tube 

Orifice plate None 


Flange on check valve L6 
Flange nuts (tarque to 36 43 in-tb) 
N-2 F9 No. 1 oxidizer dome purge check valve to No, | 
oxidizer valve | 
Flange on check valve AD I 
Seal plate None AF | 
Flange on oxidizer valve 03 
Flange bolts (torque to 110-130 in-1b) 
N-3 H4 No. 1 oxidize: valye dome purge tube to Na. 2 
oxidizer dome purge Line 
Flange on purge tube Gori 8 
Seal plate None AF 1 
Flange on purge line G or I. 8 
Flange nuts (torque to 36 43 tn-lb) 
N-~4 Fl No. 2 oxidizer valve dome purge line to No. 2 
oxidizer dome purge check valve 
j Flange on purve line GorLs 
Orifice plate None A¥ 2 
Flange on check valve L & 
Flange nuts (torque to 36 13 in- tb) 
N-5 ¥2 No. 2 oxidizer valve dome purge check valye to 
No. 2 oxidizer valve 
Flange on cheek valve AD 1 
Seal plate None AF 1 
Flange on oxidizer valve 03 
Flange bolts (torque to 110-130 jin-Jb) 
N-6 H6 No. J oxidizer valve dome purge line to gas 
generator oxidizer purge tube 
Flange on purge Line Gor k 7 
Seal plates (2 reqd) None AF J 
Manifold Mange rT 
Attach ruts (torque to 75 +5 in-lp) 


Ta) See figure 3-2A for closure ‘lescription and R- 3896-4 for attaching, hardware. 
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Figure 3-3. Seal and Joint Schematic for Engine Purge and Overboard Drain Systems 
(Shect 15 of 18) 


Change No, 4 - 8 October 1970 3- 24 W 


Section Uf R- 3496-3 
Vunine I 


ee ee eremerntimtey 


| Lube 
| and Type (a) 
Code Zone Joint Beseription Method} Closure“ 
NITROGEN PUGH AND DRAIN SYSTEM (cont) 
N-4 C5 Gas generator oxidizer purge iube to purge check 
valve 
Flange on purge tube Cor ls 
Seal plate None AY ] 
Flange on check valve Gor kr 4 
Flange nuts (torque to 100 45 in-lb) 
N-8 C5 Purge check valve to fas generator ball valve 
Flange on clivck valve u; or AB 1 
Seat plate None AF 1] 
Flauge on bull valve AE | 
Flange nuts (torque lo 45 45 in- ib) 
N-9 AS Curbopamp oxidizer seal purge wrap-around bose 
tu pump seal purge line 
Flauge oo wrap-around hose Gor L 6 
Seal plate None AF 1 
Flange on purge line Gor 1,6 
lange nuts (torque to 75 46 in-db) 
N- 10 Ad Purp seal purge line to oxidizer pump seal purge 
tube (pump end) 
Flange cn purge line Gor L6 
Seal plate None AF |] 
Elange on purge tube Gor lL 6 
Flange nuts (torque to 26 43 in-lb) 
N-11 AS& Pump seal purge lube (pump end) co turbopump 
Flange on purge tube GorM4 
Seal plate None AF 1 
Flange on turbopump M 5 
Flange nuts (torque to 36 43 in-tb) 
N12 Ad Turbopump te nitrogen purge overboard drain 
tube (2 places} 
Fitting on turbopump (b) A AJ 4 
Coupling nut on drain tube (torque to (b) G N 5 
270-345 in-lb) 
N-13 B8 Nitrogen purge overboard drain tube to tee 
Coupling nut on drain tube (torque to (b) G N 5 
270-345 in- lh) 
Tee (b) A Ad 4 


(a) Sce figure 3-2A for closure description and R- 3896-4 for attaching hardware. 
A (b) Lubricant grease RBO140-012 (Rocketdyne). 
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Figure 3-3. Seal and Joint Schematic for Engine Purge and Overboard Drain Systems 
(Sheet 16 of 18) 
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R- 3896-3 Section UI 
Volume J 


Lube 
and Type (a) ; 
Joint Description Method | Closure : 
NITROGEN PURGE AND DRAIN SYSTEM (cort) : 
N-- 14 A6 Turbopumy to nitrogen purge overboard drain 
tube 
Fitting on turbopump 
Coupling nut on drain tube (torque to 
429-525 in- lh) 
N-15 B3 Nitrogen purge overboard dra':. tube to tee 
Coupling nut on drain lube (torque to (b) G N 6 
450-525 in- Th) 
Tee {b) A AJ 2 
N-16 LS Tee to nitrogen purge overboard drain tube 
Tee (b) A AJ 2 
Coupling nut on drain tube (torque to (b) G ‘N 6 
450-525 in-ib) 
N-t7? GT Nitrogen purge overboard drain tube to 
nitrogen purge overboard drain tune | 
Coupling nut on drain tube (torque to (b) f N 6 
450-525 in-Ib) 
Fitting on drain tube (b) A Ad 2 
N-18 B4 Cocoon purge wrap-aruund hose to purge tube 
Flange on wrap-around hose GorL4 
Seal plate None AF 1 
Flange wn purge tabe Gor Lb4 
Flange nuts (torque to 75 £5 in- tb) 
N-19 L4 Purge tube to cucaon purge tube 
x tinge ou purge tube Gor i.4 
Ovi.dte plate None AP 2 
Flanye on cocoon purge tube GorlL4 
| Flange nuts (torque to 38 43 in-]b) 
N-20 G5 Cocoon purge tune lo tee 
Coupling nut on pyre tube (iorque to (b) G N 8 
700-800 in~lb)(F) 
Tee (bo) A AJ 5 
N-al G5 ‘Tee to cacoon purge tube (2 places) 
Tee (b) A AJ 5 
Coupling nut on Ayree tube (torque to (b) G N 8 
100-800 in-1b) 


(a) See figure 3-2A for closure daseription and R- 3896-4 for attaching hardware, 

(b) Lubricant grease RI30140-012 (Rocketdyne). 

ff) Above maximum recorded running torgue. 

Figure 3-3. Seal and doint Schematie for Fingine Purge and Overboard Drain Systems acces 
(Sheet 17 of 18) 
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Serhion HI 
Paragraphs 3-7A to 3-13 


a —am: 


R-3896- 3 
Volume 1 


A eye 


Lube 
and Type (a) 
Joint Description Method { Closure 

HYDRAULIC CONTROL PURGE AND DRAIN SYSTEM 

Checkout valve engine return hose drain quick- 

disconnect 
Fiange on return hose G 
Retainer (b) J 
O-ring (b) 3 
Retainer (b) J 
Flange on quick-disconnect AK 3 
Flange nut (torque lo 45 +5 in-lb) 

HC-2 D3 Engine control valve supply tube drain quick- 

discomiect 
Flange on supply tuhe AH i 
Retainer (b) J 
Q- cing (Qo) J 
Retainer Co) J 
Flange on quick- disconnect AK 2 
Flange bolt (torque to 80 +5 in- Ib) 

HC-3 Cl Actuator return line drain quick-disconnect 

Flange on return line Gor L 4 
Retainer {b) J 
O- ring {b)d 
Retainer (b).7 
Piange on yuick- disconnect AK 2 


Flange nuts (torque to 45 35 in- Jb) 


“(ay See figure 3-9A for closure deseription and I- 3896-4 for attaching hardware. 


(v) Litbricant grease iBC140-012 (Rocketdyne). 


see 
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Figure 3-3. 
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Secai and Joint Schenatic for Engine Purge and Overboard Drain Systems 


(Sheet 18 of 18) 


8-7A. HNGINE LINES SUPPORTS, CLAMPS, 
AND BRACKE RTS. 7 


3-H. Certain engine lines supports, clamps, 
and brackets are iicluded in the specific eom- 
ponent removal and installation procedures in 
this seellon. Fivure 3-3-1 contains the loca-~ 
tions, arrangements, and torque values for 
this hardware. The seal and joint information 
in paragraph 3-3 may be used in conjunction 
with this information for removing and install- 
ings various engine tines that are not covered hy 
or within specific procedures in this section. 
The safety, contamination and damage preven- 
tion, torquing, and safetywiring requirements 
outlined in section | are applicable. 


3-8, INSTRUMENTATION AND PURGE PORT 
PLUG AND SHAL REQUIREMENTS. 
3-9. The port location, plus, and seal require- 
ments for all numbered ports, including those 
no longer used foe instrumentation purposes, 
are listed in figure 3-3A. Speciited lubricating 
procedures (methods) are outlined in seclion J. 


3- 26 Change Ne. 5+ 8 March 1974 


3-10. SEAL MONITORING PORT PLUG ANT 


ee sg fer eer mare a, Be: 


SEAL REQUIREMENTS, 


3-11. Tho port location, plug, and seal require- 
ments for seal monitoring ports are Hsted in 
figure 3-38, Specified lubricating procedures 
(methods) are oulHned in section T, 


3-12. REMOVING AND INSTALLING ELEC- 


TRICAL HARNESSES AND CABLES. 


3-13. The following procedures outline the 
removal and installation or replacement of 
electrical harnesses and cables. Paragraphs 
3-14 and 3-15 outline the procedures for dis- 
connecting and connecting clectrical connectors 
to prevent damage to plugs, receptacles, and 
harnesses, including torque values and accept- 
ance criteria and damage limits for plugs. (Sce 
figures 3-4 and 3-5.) Paragraphs 3-16 and 

3- (7 outline the procedures ior disconnecting 
and connecting electrical plugs to flight instru- 
mentation tranaducera. (See figure 3-6, } 
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Engine Lines Supports, Clampy, and Brackets (Sheet 1 of 8) 
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5 Figure 3-3-1. Engine Lines Supports, Clamps, and Brackets (Sheet 2 of &) 
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Engine Liues Supports, Clamps, and Brackets (Sheet 3 of 8) 
Change No. 1+ 18 August 1969 
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Engine Lines Supports, Clamps, and Brackets (Sheet 4 of 8) 


Change No. 1 - 18 August 1969 
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Figure g-3-1. ngine Lines Suppurts, Clamps, and Brackets (Sheet 5 of 8) 
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Figure 3-3-1. Engine Lines Supports, Clamps, and Brackets (Sheet 6 of 8) 
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Figure 3-3-1. Engine Lines Supports, Clamps, and Brackets (Sheet 7 cf 8) 
Change No. 1 ~ 18 August 1969 3--26G 
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: Figure 3-3-1. Engine Lines Supports, Clamps, and Brackets (Sheet 8 af 8) 
3-236H Change No, 1 ~ 18 August 1969 


OLG1 1990290 g - pF "ON adunyD 


Lé-t 


Tap Description 


PF2b-1 No. i fuel pump 


discharge 


PF2a-2 No. 2 fuel pump 


discharge 


PF2b-2 No, 2 fuel pump 


discharge 


PS la-1 No. 1 fuel valve 


iniet 


PF3a-2 No. 2 fusl valve 


inlet 


CFia Fusi manifold 


crin® — Fuet manifole 


ic Fuei manifold 


CFid Puel manifold 


KF $a-1 No. i fuel pump 


inlet 


KF€b- 1 No. 1 fuel pump 


inlet 


CF2a Fuel injection 


{e} Saaee ena 
CF2b Fuel injection 


ubricate (Method A}, 
Lubricate (Method J). 


Fitting 


ANS814-43L 
(F lange} 

AN814-43L @ 
ANS14- agu@ 
ANgi4-43L™ 


ANg14-43L@) 
ANS814-4JL 
ANS14-45L©) 
(Flange} 


(Flange) 


ANS14-47L * 


fi 
ANSt4-4aL? 


Interchangeable with 12100CR4. 
Lubricate (Method R} with fluorinated oi! Krytox 143AZ (Du Pont). 
Engines not inccrporating MD140 change, 


{a} 


) 


Seal 


904 '?? 
RD262- 3001-6004 


RD262-3091-0004'" 
\ 

wis295ic-94) 

Ms295i2-04”? 


RE261-3004-c004'0%) 
RE26i-3004-0004 44) 


RD292-9001-00044%” 
fo)(a) 
RE261- 2004-0004 C744: 


i 
RE2S1-3004-0004'C4) 


Lubricant 


RBO140-O012 


RBO140-612 


RBO140-612 


RBI140-012 


RBO140-012 
RBO140-0i2 
RBO140-012 


RBO140-012 


RBOI40- 012 


RBOi40-O012 


Figure 3-3A. Instrumentation and Purge Port Requirements (Sheet 1 of 3) 


Location 


wo. 1 fuel high-pressure 
duct 


Wo. 2 fuel high-pressure 
duct 


No. 2 fuel high-pressur 
duct 


No. 1 fuel high-pressure 
duct 


No. 2 fuel high-pressure 
duct 


Thrust chamber body 
Thrust chamber body 
Thrust chamber body 
Thrust chamber body 


No. 1 fxel sump inlet 
eloow 


Ne. 1 fuel pump inlet 
elbow 


Thrust chamber body 


Thrust chamber body 


I OUIT{OA, 
€-9686-u 


UL uojysas 


BZ-E 


oO 


OLBT 1990390) g - » “ON Buey 


PO2b-2 
PO3-1 
PO3-2 
C03; 
cosp ©? 
CO3e 


COlb-i 


Description 
Yue: injection 


No. 2 fuel punw 
inlet 


No. 1 omdizer 
pump discharge 


No. 2 oxidizer 
pump discharge 


No. 2 oxidizer 
pump discharge 


No. 1 oxidizer 
valve inlet 


No. 2 oxidizer 
valve inlet 
Oxidizer injec- 
tion 

Onidizer injec- 
tion 

Oxidizer iniec- 
tion 


No. 1 oxidizer 
dome infet 


(a) Lubricate (Method A), 


(b) Lubricate (Method J). 
(c} Interchangeable with 12100CR4. 
(d} Lubricate (Method 2) with fluorinated oil Krytox 143AZ (Du Pont). 
(e) Engines not incorporating MD149 change. 
(f) Engines not incorporating MDi46 change. 


Fithag 
anei4-4aL 


ANBis-4g) 
Ansi4-4gL 
(Flange) 
aAnsi4-4gL @) 
Angi4-4g?" 
AN814-4gL™) 
202029! 
Ane14-45L®) 
AN814-4gL 


ANe14-45L®) 


Seal 
ay 
RE261-3004-0004©(4) 
f 
nD262-3001-0004) 


RE2S1-3004-0904'° 


REZE1-3004-0004'°? 
RE261-3004-0004'°) 
RE261- 3004-0004!) 
RE261- 3004-09040) 
RE261- 3004-00040) 8) 
RE251-3004-9004'°)8) 


Re221-3004-0004 8) 


Lubricant 
REON140-012 
RBO140-012 


RBC140-012 


RB0140-072 


RBOi40-012 


RBO140-012 


RBO140-022 


RBOi40-012 


RBO140-012 


RBO140-C12 


Torque 
{in-Ib) 


Figure 3-3A. Instrumentation and Purge Port Requirements (Sheet 2 of 8) 


Location 
‘fhrost chamber body 


No. 2 fuel pump inlet 
elbow 


No. 1 oxidizer high- 
pressure duct 


No. 2 oxidizer high- 
pressure duct 


No. @ oxidizer high- 
pressure duct 


No. 1 oxidizer high- 
pressure duct 


No. 2 oxidizer high- 
pressure duct 
Oxidizer dome 
Oxidizer dome 


Oxidizer dome 


Oxidizer dome 


(g) Lubricate (Method R) with fluorinated oil Krytox 143AZ (Du Pont} or lubricant grease RBO140-912 (Rocketdyne). 


TT BoTIag 


T GUENTOA 
£-968E -U 


OLET 19q0790 B ~ F "ON adULYD 


62-¢ 


Torque 


Tap Description Fitting Seal Lubricant {in- Ib) Location 

COlb-2 No. 2 oxidizer ANS14-47L) RE261-3004-0004 "8 RBOI140-012 85 35 Oxidizer dome 
gome inlet 

CGla Combustion ANS814-4L% —-REe6i-s004-10047 XI) cna 85 45 Thrust chamber injector 
chamber 

CGib Combustion ansi4-43L@) — ppest-soo4-2004 = caa 13525 ‘Thrust chamber injector 
chamber 

cgic!!) combustion anei4-43L@ ~—- pee61-3004-1004™ 9) osa 85 6 Thrust chamber injector # 
chamber ; 

CGid Combustion anei4-43L@) = pee6t-soeg-2004 = oa 135-5 ‘Thrust chamber injector 
chamber 

GFI Gas generator ANns14-43L@) — ppe262-3007-0004) —- RBOLaO-012 40-65 Gas generator fue: duct 
fuel inlet 

TGé4a Turbine mani- (Flange) --- ~-- --- Turbine manifold 
fold inlet 

TG4b Turbine mani- ANSi4-4tL® = RE2e1-3004-100¢) aga 240-276 Turbine manifold 
fold inlet 

TGSa Turbine outlet AN314-4J3L fa) RE261-3004- ioo4(h} CSA 135 15 Heat exchanger 

re 

TGSo Turbine outlet ANS14-4519/ RE261-3004- 1004) CoA 135 45 Heat exchanger 

acta) Gas generator RD273- 6008- nE26!-3004-1004) cs 200-240 Gas generator injector 
shamber 0004\ 


(a} Lubricate (Method A). 
(b) Lubricate (Method J}. 
(c} Interchangeable with 12100CR4. 

fe} Engines not incorporating MD14Q change. 


(g) Lubricate (Method R) with fluorinated oil Krytox i43AZ (Du Pont) or lubricant grease RBQ140-012 (Rocketdyne). 


(h) Interchangeable with 12200AA4. 
&) Engines not incorporating MDI77 change. 
i) Lubricate (Method R) with Brayco 777 hydraulic fluid (Gray Oil Co). 


Figure 3-34. instrumentation and Purge Port Requirements (Sheet 3 of 8) 


J SUINTOA 
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cranes 
IY Uoy} 30g 
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ans wa 
i) 
Torque = 
Tap Description Fitting Seal Lebricant {in- Ib} Location S 
GGib Gas generator ANG14-47L (a) RE261-3004-1004')) CSA 135 +5 Gas generator injector m4 
chamber 
GGic Gas generator RD273- €803- RE2$1-3004- 2004") CbA 2690-240 Gas generator injector 
chamber e004) 
GGéa Gas generator ANS14-431L (a) R2261-3004- z004(h CaA 135 +5 Gas gererator injector 
chamber 
on 
GG2b Turbine manifold Heat 6003- Re261-3004- roa C5A 200-240 Gas generator combustor 
0004 = 
(5 } 
PF16 Fuel impeller Anai4-43L@> — pp262-3001-0004 RBO140-012 40-85 Turbopump fuel volute 
balance cavity 
nasal? Engine control ANne14-43L®) RD262-?001-c004" — RBO140-012 40-65 System return line 
system return < a) 
17 
fe) re : oa (a) ae ngld) . Se 4 
NH? ignition moniter ANS14-47L RD252- 3001-G004 RBQ140-012 40-65 No. i fuel valve open 3 
valve outlet control tube o> 
m7 Oo 
IF2 igniter fuel anei4-4su@ — Rp262-3001-000¢") == RBo140-012 40-38 Hypergol manifold 
valve inlet 
tF3 Hypergol con- angi4-4g®? RD262-3001-000¢ — RBOI40-012 40-65 Hypergol manifold 
tainer inlet 
BH3c Heat exchanger Ang14-45L®) 12100CL4 RBO140-012 60 +5 Helium return duct 5 
helium outlet 
HHé Heat exchanger ANnai4-4g@) 12100CL4 RB0140-0 12 80 +5 Helium return duct a 


helium outiet 


fa) Lubricate (Method A}. 
{b) Lubricate (Method J}. 
{ce} Interchangeable with 12100CR4. 
{e} Engines not incorporatine MD140 change. 
{h} Interchangeable with 12100AA4. 


Figure 3-3A. Instrumentation and Purge Port Req‘irements (Sheet 4 of 8) 


IL6T TaQUIIAON GZ - g ‘ON adUEYD 


Teré 


2 
= 


comm? 


CGle 


TGSe 


Description 


Heat exchange. 
oxidizer inlet 


Heat exchanger 
oxidizer inlet 


Heat exchanger 
GOX outtet 


Heat erchanger 
GOX cutiet 


No. i bearing 
No. 2 ttarins 
Turbine ban .u52 


Oocdizer manifsia 


Oxidizer injec- 
tion 


Combustion cham- 
oper 


Turbine outlet 


fa) Lubricate (Method A). 
fs} Lubricate (Method J}. 
ic) Interchangeable with 12109CR¢. 

(e} Engines not incorporating “D140 change. 
(2) Lubricate (Method R) with fluorinated oil Krytex 143AZ {Du Pont) or lubricant grease RBO140-012 (Rocketdyne). 


pg PS 


Fitting Seal Lubricant 
RD265-3004- RE261-3004-0004'°) —- RBOIEG-012 
2ng2ia? 

RD265-300-  - REZSI-3004-c00s'°? —RBO140-012 
20n°{a} 
RO265-3017- RD261 -3005-1004 RBO140-012 
ooo4(4) 
RD265-3017- RD261-3605-1004 RBO1W0-312 
gcoaia) 


f 
ANg14-371.2' 


fa\ 
ANS14-332, 


4q\ 
ANB146-87. 


ay 
Mis29522-03°°? 
¥1829512-03? 


12120CR3 


RE2S1-3004-0063'C42) 


RE261- 3004-0604 (CXS) 
i 
RE261-300¢-0004°C 42 


RE2S1-3004-0004 (C8) 


RBOi40-012 
RBO146-012 
RBOI46-012 
RBC140-012 
RBO140-012 


RBO140-612 


RBO140-0172 


Torque 


(in-Tb} Location 
186 =10 Heat exchanger check 
valve 
180 =10 Heat exchanger check 
valve 
236 =10 GOX durt 
135 +10 GOX duct 
30-40 Turbopump 
35 25 Turbopump 
79 =5 Turbopump 
85 =5 Oxidizer dome 
85 5 Oxidizer dome 
85 5 Oxidizer dome 
85 25 Oxidizer deme 
--- Thrust chamber injector 
oss Heat exchanger 


Figure ¢-3A. Instrumoentation and Purge Port Requirements (Sheet 5 of 8) 


J OUINTOA 
£-9688-U 


It woyjaag 


of -6 


OL6T 10Q0}90 g - F ‘ON SuRYD 


Torque 
Tap Description Fitting Seal Lubricant {in- 1b) Location 
4 
prec-1") wo. i fselpump  ANSit-4g3L*) —-y4529512-54) RB0140-012 40-65 No. 1 fuel high-pressure 
dis¢l.arge duct 
PFed-1 No. 1 fuel pump angis-433? Ms29512-04) RBO140-6912 60-65 No. I fuel high-pressure 
discharge auet 
5 ‘ 
PF2c-2 No. 2 fuel pumo ANs14-43L! ¥4529512-94! RBO140-012 40-65 No. 2 fuel high-pressure 
discharge duct 
ri 
Nz Engine control Ansi4-49.2) RD262- 3001-9004») RBO1MG-012 40-65 Propellant valves close 
closing tube 
NE Engine control © ANSi4-49L —sRD262-3001-0004") — REDI40-012 46-65 Propellant valves open 
opening tube 
ae : 
wus") common hy- ANgi4-4tL@) —- Rp262-2001-0004') —- RBO140-012 40-65  Actustor return line 
Ayaulic retirn 
rf 
NHOb Common hy- AN814-4gL*? RD262-3091-0004) RBO140-012 40-65 Actuator return line 
draulic return 
Nie Cammon hy- (Flange; --- --- --- Actuator return line 
draulic return 
rf 
KF7a-t No. lfelpump  AN@24-45 RD262-200:-c004) — RBO140-012 40-65 No. 1 fuel pump inlet 
inlet elbow 
f 
KF6d-2 No. 2fuel pump  AN814-4JL) — BD 262-3007-0004) REET 40-012 40-65 No. 2 fuel pump inlet 
inlet elbow 
: ) 
xF72-2") wo. 2 fuel pump _—-AN814-43? np262-3001-0004") —- RBO240-012 40-85 No. 2 fel pump inlet 
inlet elbow 
GGid Gas generator (Fiange} --- --- o-- Gas generator injector 


chember 


fa} Lubricate (Method A). 
{>} Lubricate (Method J). 
(f} Engines not incorporating MD146 change. 
(i}. Engines not incorperating MDi77 change. 


Figure 3-3A. Instrumentation and Purge Port Requirements (Sheet 6 of 8} 


SET WOT}IEg 


[ QUINOA 
§-9690-U 


ILGE J8QUIGAON 9% ~ g *ON aBueYyD 


fe~-& 


Tap Description Fitting Seal Labricaat (in-Tb) Location 
a tp) a 

G¥F2a Gas generaior RD272- 6093- REDS -3004-1004"" RBO140-012 200-240 «=©Gas generator injector 
fuel injection oce4(a} 

GF2b Gas generator RD273-6003- RBE261-3004- 1904) RBO14C-012 200-240 Gas generatcr injector 
fact injection oco4) 

f \ 

GO2Za Gas generator AN@id-43L? RE2S1-2004-c004! RBO140-012 80-30 Gas generator injector 
oxidizer injection 7 

cow'®) Gas generator ansi4-gru@) — reser-300¢-0004? — RBO140-012 80-90 Gas generator injector 
oxidizer injection 

{ 

GOia Gas zenerator anei4-43L@ = Re261-. 904-0004) — RBOI40-022 240-276 Gas generztor oxidizer 
oxidizer inlet duct (valve end) 

GOlb Gas generator ansig-4aL™) se Rgag1-3004-0004 = RB 0240-012 240-276 Gas yenerator oxidizer 
oxidizer inlet duct 

NHOa Ground hydrau- RD265-3004- arsze512-040? RBO14G-0722 125 =5 Hydraulic supply wrap- 
lie supply 2002 (2) around duct 

f 

HOS? Heat exchanger RD265-26i7- RE26i-3095- 1004) RBO140-012 135 +10 GOX duct 
GOX outlet ooo4'a) 

Hage Heat exchanger Ane14-45L@) RE261-3064- aoo4'©) RBC140-012 89 +5 Helium supply duct 
helium inlet 

L3ia Oxidizer purmp {Flange} --- --- wae Bearing coolant centrol 
bearing jet valve 

LBib Oxidizer pump AN814-4)1L (a) np262-3001-0004) RBC140-012 40-65 Bearing coolant control 
bearing jet valve 


Lubricate (Method A}. 


Lubricate (Method J}. 


Interchangeable with 1210CCR4. 
Engines not incerporeting MDi4Q change. 
Interchangeable with 12190A44, 


Torque 


Ne 


Figure 3-3A. Insirumentation and Purge Port Requirements (Sheet 7 of 8) 


[ awnjoA 
£-9698 - 


HI wopay 


bE-§ 


ZLGOY WRAL $2 - L “ON OFuEqTS 


e 
Torque ct 
Tat Deseription Fitting Seal Eebricant {in- Ib) Location $ 
Ty pe WISMPENS aod a ge 1 gg oS ERS ete po SIE cys, a ot ee PUN oe oT at 
poze-1) No. toxidizer ANSI4-4gL™) —-Rg251-3004-c004'? RB O240-012 $0210 No. 1 oxidizer high- 5 
pump discharge pressure duct 
PO2d-1 No. 1 oxidizer ANSi4-4L) RE261-3004-6004? — RBOTE0-012 GO £19 No. 1 oxidizer high- 
pump discharge pressure duct 
a2 (2) (e) 
PO%-2 No. 2 oxidizer ANS14-45L*! RE261-3004-0004 RBO140-012 90 210 No. 2 oxidizer high- 
pump discharge pressure duct 
a, 
POT Gxidizer pump AN337-40 AN929-47 x) PBBO140-012 135-185 Turbopump 
seai cavity 
: y 
NHla Coniroi system ANS34-49L) ~~ RD2g2-3001-c003""" RRAI49-012 40-85 Engine control valve  § 
supply 
fa n) 
NHlb Control system «= ANB14-452"’ ——R262-3001-c004*" pROr49-012 40-85 Engine controlvalve J 
supcly 
ox e <5 
NES Control system AN814-43L"! Rp262-3001-c006) —-RROI40-012 49-65 Redundant shutdown & cy 
everride supply valve cverride hose 3 S 
f & 9 
GG2e Gas generator RD2T9: S003- nEz6i-3004-1004") 5a 22020 Gas generator combustor — e: 
chamber oo04(a 
fa’ \ 
GO5 Gas generator AN814-45L 4! RE26:-3004-0004'°  RBOI40-G12 240+10 Gas generator hall valve 
oxidizer inlet 
fi 
PurgeiA, Oxidizer dome Angi4-35L — pxoei-soca-ocoa) = RB O140-¢12 350215  Oxidizer dome 
1B,24,28 purge 
in f 
No. § Oxidizer dome AN8i4-123L) —- Re2si-3004-c012"™) — pRot4o-o12 $60 +120 Oxidizer dome 
PURGE, purge 
No. 4 
SURGE 
fa} Lubricate {Method A}. 
(o> Lubricate (Method J). 
c} interchangeable with 121GCCR4. 
f} Engines not incorporating D146 change 
h} Interchangeable with 12130AA3-— 
‘k} Lubricate (Method G). 
{i} interchangeable with 12100CR6. 
\m } interchangeabie with 12iGO0CR12. 
in) Allowabie alternate MS29512-04 (age controlled). i 


igure 3-34. Instrumentation and Purge Port Requirements (Sheet 8 of 8) 


3896-4 Seciton Il 
Voluine ff 


= RR OEE 1 te le CR ANS a 


Plug Yorque 


Port Location Plug and Bleeder) Seal (in-Lb) 
Thrust chamber combustion ANBL 4-2 L4) RE261-3004-1002) 100-120 


chamber pressure trans- 
ducer (tap CGle) (on trans~ 
ducer adapter) 


Thrust chamber combustion Angi4-o3..00) ree6i 3004-10024) a9. a5 
chamber pressure trans. 

ducer (tap CGle) (on injector 

flange) 


No. 1 and No. 2 oxidizer ANs14-291,'©) neE261~3004-00028} va 45 
valves to oxidizer dome 
(on dame flanges) 


Heat exchanger check valve ANa1d-201,¢) RE261 -3004-0003 (8) 10 #5 
to oxidizer dome (c 1 Come 
flange) 


f)(h)} 


Prefill liquid lave) uctector Anai4-2L'°) R¥261-3004-0002! 1045 


{on fuel ntanifald) 
(cd) 


Heat exchanger to exhaust Awatd-291[2) RE261~3004-1002 7036 


manifold {on exhaust manifold) 


No. 1 and No. 2 fuel inlet ANG) 4-25°) 2262-3001 -0002) 10-16 
elbows to fuel purmp inlets 
(on elbow flanges) 


Fuel pump outlet to No, 1 ANU 4-27.00 Mis29512-09l) Li«15 
fnel high-pressure duct 
(on pump flange) 


Fuel pump outlet to No. 2 ANBL4-201,4@ ms29512-024) 11-15 
fuel hivh-pressure duct 
(on pump flange) 


No. | fuel high-pressure mgo015-02!¢) MS20512- ag") 75 45 
duct (on pump end flange 

and valve end flange) 

(2 reqd) 


(a) Safelywire with Inconel lockwire MS20895N after torqulug, aa applicable. 

(b) Lubricate (Methot A) with thread compound C-5A (Felt Products), 

{c) Interchanzeable with 12100AA2. 

(d) Lubricate (Method R) with Erayce 777 hydrautic fluid (Bray Oil Co). 

(e) Lubricate (Method A) with Ivpricant grease RBOL40-012 (Rocketdyne), 

({) Interchangeable with 12100CK2. 

(g) Lubricate (Method R) with fluorinated oil Keytox 143AZ (Du Pont) or lubricant grease 
RBHO140-012 (Rocketdyne), 

(h) Lubricate (Method R) with fluorinated oi) Krytox 143A2Z (Ju Pont). 

(i) Engines not incorporating MN123 change. 

(j} Lubricate (Method J) with lubricant greage RB0140-012 (Rocketdyne), 
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Figure 3-3B. Seal Monitoring Port Requirements (Sheet 1 of 3) 
Change No. 8 - 29 November 1971 3-34A/3~34B 


A re EU NRE Be Lat es a 


Port “ocation 


Freee 


No. & fuel high-pressure duct 
(on pump end flange and valve 
end flange) (2 reqd) 


No. 2 fuct high-pressure duct 
to gas generator fue! duct 
(at orifice) 


Mxidizer suction duct to 
oxidizer pum) 


N+, | and No. 2 oxidizer 
pump discharge to oxidizer 
high-pressure ducts (on 
pump flange) 


No. 2 oxidizer pump outlet 
pressure transducer (tap 
P02a-2) (on No. 2 high 
pressure duct) 


No. 2 oxldizer high-pressure 
duct io vas penerator oxidizer 
duct (duct ond) (at down- 
glream orifice) 


No. 1 and No, 2 oxidizer highe 
pressure ducts to oxidizer 
valves (on oxidizer valyo 
flanges) 


Gas generator Chamber 
progsure tranuducer (tap 
GGld) (on gas gonerator 
{njector) 


Heat exchanger check valve 
to oxidizer flowieter {on 
flowmeter flange) 


Meat exchangor oxidizer 
flowmeter lo heat exchanger 
oxidizer sumly hase (on 
flowmeter .vange) 


R-3896-3 
Volume J 


Plug and Bleede (4) 


new ee. 


Ms9015--02(€) 
ANg14-231,¢ 


Angi4-27L) 


RN265-3012-0001 7) 
Anai4-291.°) 
ANb14-2a1,°) 
Ana14-25°) 


mso0t5-02"”) 


msg015-0202) 


Msp015-.02 


a A APT NONE TOMO EY 


Seal 


Ms29512-024)) 
1119262-3001 -0002!? 


E61 -3004-0002) 


REL -3004-0002") 
RRL -3004-0002") 
R261 -3004-0002") 
1265 -3004-00n9"") 


RE2GL~2004~1 003° 


TE64-3004-0003 


1E261-3004-.0002") 


{n Safetywire with Inconel lockwhre MS20995N alter torguing, as applicable. 


b) Lubricate (Method A) with thread compound C-5A (Felt Products). 
(c) Interchangeable with 12100AA2. 
(eo) Lubricate (Method A) with lubricant grease RBO1A0-012 (Rocketdyne). 
(f) Interchangeable with £2100CR2. 
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Figure 3-38, 


ete amma daal 


Seal Monitoring Port Requirements (Sheet 2 of 3) 


(j) Lubricate (Method J) with lubricant grease RBO140-012 (Rocketdyne). 


Section HI 


Plug ‘Torque 
din-tb) 


75 45 


10-16 


35 45 


10-16 


50 46 


7045 


35~40 


85-95 


10-15 ft-lb 


10415 ft-lb 


OE Oe RE OTT PO TN OE FA SD faye er SU me SE 


Change No. 6 ~ 29 November 1971 3-95 


Section I R-3896-3 
Volume { 


at ar LE ee wre me 


Plug Torque 
Port Location Plug and Bleeder ®) Seal {in-l)) 


Heat exchanger oxidizer ANS14-201,(0) RE261-3u04~1 002(¢) 70 45 
supply hose to heat exchanger 
(on heat exchanger) 


sat 


any Wat ma 


Heal exchanger CX duct ANnsi4-25L,(°) WE2G1~3004-1002"°? 7045 
(heat exchanger end) to heat 
exchanver (on heat exchanger) 


Helium supply duct (heat ANst4-25 110) Rk261-3004-1002"° 10 46 
exchanger end) at heat 
exchauper 


Helium return duct (hent Anei4-201) E261 -3004-1002"°) 70 +h 
exchanger end) at heat 

exchanger 

Turbine ta heat exchanger ANG14-2I1,8) RE201 ~3004-1062"? 1045 


fon heat exchanger flange) 


Turbine outlet pressure ANG14-21) REZGL-3004-1002"") 70458 
transducer (tap TGSe) (on 
heat exchanger) 


ems: Caneel 


(a) Satetywire with Inconel lockwire MS20995N after torquing, as applicable. 
(o) Taubrieate (Method A) with thread compound C-5A (Felt Products), 

(c) futerchangeable with 12100AA2, 

(ec) Lubricate (Method A) with lubricant greage RBOL40-012 (Rocketdyne). 
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Ftrure 3-313. Seal Monitoring, Port Requirements (Sheet 3 of 3) 


3~36 Change No. 6 - 29 Novemhar 1071 


R-3896-3 
Volurae 1 


3-14, DISCONNECTING ELECTRICAL CON- 
NECTORS, To prevent corrosion and other 
types of damage to electrical connectors and 
harnesses or cables, this procedure must be fol- 
lowed when disconnecting electrical connectors 
other than those connected to flight inatrumen- 
tation transducers. For procedure concerning 
disconnection of electrical pluys from trans- 
ducers, rofer lo paragraph 3-16. 


WARNING 


Discomecting electrical conucctors 
without turning off the power source 
can Cause nreing, resulting in seri- 
ous injury to personnel and damaye 
ta equipment, 


a. Make sure electrical power source is 
turned off, 


b. Remove enough hacness support clamps 
to allow connector to be disconnected without 
atraining harness, 


«. SHde protective bool back on harness. 
Cut and remove lockwire. 


ad. Using appropriate wrench, loosen und back 
off coupling nut until nut can be turned by hand. 


CAUTION 


The beud radius of the harness nust 
never be less thau one times the out- 
aide diameter of the harness; other~ 
wise, damage to the harness can re- 
sult. 


e. Grasp and carefully pul] connector alraight 
away from receptacle. Do not twist or turn 
connectors, or pull or bend harness beyond a 
bend radtus of leys than one times outside diame 
eter of harness. 


f. Install protective dust caps on all discon- 
nected conneclors, Dust cap requirements, by’ 
comector reference desiguation number, are 
listed jn R-3896-4, 


g. Torque dust caps to applicable torque 
value. Dust-cap torque requirements, by con- 
nector number, are listed in figure 3-4. 


Section LI 
Paragraph, 3-14 to 9-15 


$-16, CONNECTING ELECTRICAL CONNEC- 
TORS. ‘This procedure must be a continuous 
operation, Ifa delay in completion is en- 
countered, all openings must be capped and the 
complete procedure repeated starting with 

step a. This procedure must be followed when 
coanecting electrical connectors other than those 
connectect to (light ingirumentation transducers. 
For procedure concerning connection of elve- 
trical plugs to transducers, refer to paragraph 


3-27. 


NOE 


This procedure applies to electrical 
comiectors Of engine harnesses. 

Only step a and substeps 2, 2, and 

3 apply to electrical connectors that 

are an integral part of an engine 

colnponent, , 


a. Remove protective dust caps, and inspect 
connectors for the following: 


{t) Forelgn particles, dust, dirt, moisture, 
or lubricant ov contact pins, gockety, or inserts. 
Clean connectors a6 oulllned in section J, if 
necessary. 


NOTE 


Since hibricant rany have the appear- 
ance of moisture, the subslance 
must be examined carefully. 


(2) Bent pin contacts. Lin contacts that 
are not bent more than 20 degrees from comiec- 
tor axis may be rapaired. (See figure 3-5. ) 
(Refer to R-3896-3, Volume JI, for electrical 
harness repair information.) Replace harness 
{f pin contacts are bent more than 20 deprees 
from connector nis. 


(3) Fin contacts with move than one bend, 
regardless of anyuarity of each bend, are not 
neceptable. (See figure 3-5.) Replace harness 
if pin contact contains: more than one bend. 


(4) Bent or misalined female socket con- 
tacts are not acceptable. Replace harness if 
socket contacts are damaged. 


(5) Extended or recessed pin contacts that 
exceed Mmits specified in gure 3-5. Replace 
harness if limita are exceeded. 


Change No. 3~ 18 June 1970 3-37 


Section M1 R-3896-3 
Volume 1 


Connector Torque) Connector Torque’) 


RDI No. (in-«lb) Description RDI No, (in -}b) Description 
J18 155.185 Interface panel p73() 40-60 No. 2 thrust OK pres- 
Jot 90-115 Interface panel sure switch 
J20 130-165 Interface panel PI4 40-50 No. 3 thrust OK pres- 
J100 90-115 Interface panel sure switch 
Ji01 130-165 Interface panel p75 (e) 40-50 Turbopump interface 
3102 100-125 Interface panel (175) 
J103 160-125 interface panel P76 60-80 No. 1 fuel valve posi- 
3104 90-115 Interface panel tion transducer 
JLOG 90-115 Interface panel P77 GO-uU No. 2 fuel vaive posi- 
yi4olh) 60-80 Interface panel tion transducer 
w14.(b) 155-185 — Interface panel P18 40-50 No. 2 thrust OK pres- 
3142 40-50 Interface panel sure awitch 
7143th) 115-145 Interface panel visit) 40-50 No. 1 thrust OK pres- 
J1'74 40-50 Interface panel sure switch 
J470 130-165 Interface panel P85, 186 30-40 Turbopump heater No, 1b 
J&00 §0-100 Interface panel Pay, P88 30-40 Turbopump beater No, 2 
P108 80-100 Primary instrumenta- 
P30 60-80 Checkout valva tion junction hox 
p35(c) 40-50 Prefill level detector P109 130-165 Primary ingtrumenta- 
P43, Pad 40-50 Gas generator lenites tion junction box 
P45, b46 40-50 Turbine exhauat kmiter P110 100-125 Primary inatrumenta- 
PA? 100-125 Intercomect to igmiters tion Junctlon hex 
(347) PLLL 130-165 Primary jnstrumenta- 
p5gld) 40-50 Redundaat shutdown tion junction box 
valve Pliz 115-145 Primary Instrumenta- 
P51 40-50 Engine contro! valve tion junction box 
start solenoid PLUS 100-125 Primary instrumenta- 
P52 30-40 Engine control valve tion junction box 
stop solenoid P1l4 90-115 Primary instrumenta- 
PhH3 40-40 Gas pencrator ball tion Janction pox 
valve position switch PIL 100-125 Primary inatrumenta- 
156 40~50 Hypergol cartridge~ tion junclior box 
installed swilch PL1G 40-50 Fuel pump inlet No. 1 
P70 60-80 No. 1 oxidizor valve (KF6a-1) 
position transducer Pil? 40-50 Oxidizer pump dis- 
PT 60-80 No. 2 oxidizer valve charge No. 2 (PO2a-2) 
position transducer P118 40-50 Oxidizer pump bearing 
P73 40-60 No. 1 thrust OK pres- jet (LB1a) 


sure switch 


(a) Torque is applicable for dust caps lf component 4s lo be stored or shipped. For servicing or 
maintenance, install dust caps fingerlight. 

(b) Enginos not incorporating MD96 change 

(c) Engines not incorporating MD113 or MD114 change 


(f} Engines incorporating MD187 or MD158 change 


Figuro 3-4, Torque Requirements for Electrical Connectors and Dust Caps (Sheet 1 of 2) ~ 


3-38 Change No. 7 - 24 March 1972 


menial 


R- 3896-3 


Section Hi 


Volume I 


Connector Torque ‘ Connector Torque? 
RDI No, {in- lb) Description RDI No. {in lb) Description 
P1l9 40-56 Gus generator chamber P1447 80-100 Auxiliary instrumenta~- 
; (GGld) tion Junction box 
P120 40-50 Fuel pump discharge P148 155-185 Auxiliary ingtrumenta- 
; No. 2 (PF2a-2) tion function box 
P12! 40-60 Turbine outlet (TG5e) Pibl 156-185 Auxiliary instrumenta- 
P122 40. 50 Common hydraulic tlon junction box 
return (NH8c) PL52 100-125 . Auxiliary ingtrumenta- 
P1123 40-50 Combustion chamber tion junction box 
(CGle) PI55 40-50 Fuel pump discharge 
P128 30-40 sngine contcol valve No. 1 (PF2a-!) 
stop solenoid and P1150 40-50 Engine control apening 
engine cutoff sigaal (NH3a) 
(e) to vehicle (J128) P1569 40-50 Oxidizer pump discharge 
P129 90-116 Interconnect to prefill No. Lt (POZa-1L) 
level detector (129) P160 40.60 Engine control closing 
P130 40-50 Turbopump interface (NH2a) 
(1130) P1GCL 40-50 Turbine outlet (TG5c) 
P1382 40-50 Heat exchanger LOX P162 40-50 Oxidizer pump seal 
inlet flow No. 1 cavity (PO7a) 
(16) D163 40-50 Heat exchanger hellum 
P34 30-46 Rearing No. 1 (LS!) outlet (HH3a) 
71358) 30-40 Engine environmental P164 40-50 Heat exchanger helium 
(Cat!) inlet (HH2a) 
P137 40-40 Turbjne inlet manifold P165 40-50 ‘ Heat exchanger oxi- 
(TG4a) dizer inlet (HOLb) 
P1358 30-40 Engine environmetal P166 40-50 Hoat exchanger GOX 
(h) (CGT 1) outlet (HO!a) 
P1175 40-50 Turbopump thermostat P184 30-40 Fuel pump inlet No. 2 
P230 40-50 Turbopump RPM No, ! (KE6a~-2) 
(11) P188 30-40 Heat exchanger oxidizer 
P450 30-40 Yeniter harness shiold inlet (HOla) 
(1460) P1AG 30-40 Heat exchanger GOX 
outlet (HO4b) 
P1387 30-40 Heat exchanger helium 


AUXILIARY INSTRUMENTATION SYSTEM 


P1146 


(2) Torque is applicable for dust caps {f component is to be stored or shipped. 


100-125 


(t) 


Auxillary ingtrumenta- 
tion junction hex 


outlet (HH3b) 


For servicing or 


maintenance, install dust caps fingerti¢ht. 
(b) Mngines not incorporating MD96 change 
(e) Eng mes not incorporating MD23 or MD62 change 
() Engines incorporating MD108 change ~~ 
(h) Engines incorporating MD22 or MD62 change 


iter: 


Ae EA TN Bi A TT PE A OS NAN OS OTA 


Figure 3-4. Torque Requirements for Electrical Connectors and Dust Caps (Sheet 2 of 2) 
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Figure 3-5. Damage limits and Allowable Repaire for Electrical Plugs 


(5A) 
ned jn section I, 


Tatnished pins, Clean pins as out- 


(6) Datnaged threads, corroded sockets, and 
cracked, split or punctured connector inserts. 
Replace harness Uf any of these conditions ealat, 


(7) Rotational movement of the connector 
adapter with respect to the harneas armor brald 
is acceptable if the harness meets a resistance 
test of 0.1 ohm maximum between the connector 
adapter and the hacnoss armor bratd,. Strain 
must not be applled between the connector 
adapter and the armoyx braid to determine con- 
nector rolation, 


CAUTION 


A plastic, wooden, or other nonabra- 
ding too) must bo used to remove the 
aaket to avold damaging the 
connector. 


b. Replace plug gasket (between plug shell and 
coupling nut), (See figure 3-5.) Gasket require~ 
ments are listed by connector number {n 
R-3896-4, Apply a thin coat of FS1281 grease 
(Dow Corning Corp), using Method J outlined in 
anction {, to gasket before installation. 


WARNING 


Compressed gaa must not be used 

for drylng or cleaning unless effec- 
tive chip guarding 19 used and per~- 
sonal protection equipment 18 worn, 


c. Immediately before connecting connector, 
cloan plug and receptacle by blowing with a 
regulated source of low-pressure (less than 30 
psig) gaseous nitrogen (MIL-P-27401) or clean, 
dry air confor ming to the cleannegs and humidity 
requirements of MIL~P-~27401, 


d. Apply a thin coat of F81281 grease (Dow 
Corning Corp), using Method A outlined in 
section I, to threads of receptacle before 
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SOCKET CONTACTS 


PIN CONTACTS ¢ DIMENSIONAL LIMITS FOR 10-GAGE PINS IN EKELL S1¢H8 12, 14, 16, AND 14 THROUGH 8 
DIMFNSIONAL LIMITS FOR 12-GAGE AND 1§-GAGH PINS Li SHELL SIZES 6t, 108, 108L, 128, 


Fl-¥-1-89 


er Smmnmenad alert 


vonnecting plug. De not allow lubricant to contact 
pins, sockets, or (néerts, Remove excess grease 
with a clean, Hnt-free cloth, 


CAUTION 


Yhe harness bend radius must never 
be les# than one times the outside 
diameter of the harness; otherwise, 
damage to the harness can result, 


e, Carefully mate plug and receptacle, keep- 
ing plug and receptacle faces parallel and key~ 
ways allned. Do not bend, break, or damage 
contact ping or sockets. Attempt to maintaina 
bend radius of not less than 5 times outside 
diameter of harness wherever possible. Bend 
radius must not be less than one times outside 
ameter of harness. 


{,. Turn coupling nut by hand and move plug 
forward toward recepticle untl] plug and recep- 
tacle are correctly mated, If coupling nut cannot 
be turned by hand, remove connector and recheck 
pin alinement, 


CAUTION 


The torque value of the plug coupling 
nut must not ho exceedad, since 
overtorquing can damage the clec- 
trical connectors, 


e After a second torque of the coup- 
ling nut and safotywire Installation, 
no additional torquings raust be per-~ 
formed, since damage to the plug 
sealing gasket can result, 


g. Torque plug coupling nut to applicable 
torque value, Torque requirements, by connec- 
tor number, are Jisted in figure 3-4. After a 
minimum of 30 minutes, retorque plug coupling 
nut to required torque value. 


R-3898-3 
Volume I 


h, Safetywire coupling nut, and slide protee- 
tive boot over connector. 


i. Install harness support clamps. 


f j. Ifan electrical connector appears to be 

4 loose even though the connector is torqued and 
H safetywired, the acceptance criteria and dispo- 
B vilion are as fulluws: 


; {t) A loose connector is defined as ane in 
f which the coupling nut can be turned by hand ta 
y the tightening direclion one-quarter turn or 

2 Inare, 


j (2) Ifa connector is tound to be loose, the 
B connector must be disconnected ag outilned in 

H paragraph 3-14 and the plug gasket replaced as 
B outlined in this procedure and connector re+ 

B torqued, 


3-16. DISCONNECTING ELECTRICAL PLUG 
FROM FLIGHT INSTRUMENTATION PRESSURE 
THANSDUCERS, (See figure 3-6, ) 


it. Make sure electrical power source is 
turned off, 


WARNING 


Disconnecting electrical connectors 
without turning off the power source 
can cause arcing, resulting in sert- 
ous injury lo personnel and damage 
fo equipinent, 


bh. Romove cnough harness support clamps to 
allow harnoss electrical plug to be disconnected 
from transducer without straining harness. 


CAUTION 


When disconnecting the electrical plug 
from the yas penerator chamber pres- 
sure Leansducer (P119) or thrust chamber 
combustion chamber pressure transducer 
(P123), the transducer must be dis- 
connected or loosened from its re« 
apective attach bracket ov adapter prior 
to disconnecting the plug, to prevent possi- 
ble damage to the harness or transducer, 


c. Remove harness support clamp (1). 


, ds. Cut and remove lockwire and ramove 
# transducer insulator, if installed. 


Rc. Using appropriate wrench, loogen and back 
h off coupling nut until nut can be turned by hand. 


CAUTION 


The bend radius of the harness must 
never be jess than one times the out- 
side diamcter of the harness; otherwige 
dainage tu the harneas can result, 
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f. Grasp and carefully pull plug straight away 
from transducer receptacle, Do not twist or 
turn plug, or pul! or bend harness beyond a bend 
radius of lesa than one times outside diameter 
of harness. 


g. Lift harness from cradle of its respective 
harness support block (3) and remove clamp (2) 
from harness. 


h. Install protective dust caps. Dust cap re- 
quirements, by connector reference designation 
number, are listed in R-3896-4, 


i. Torque dust caps to applicable torque value. 
Dust cap torque requirements, by connector 
number, are listed in figure 3-4, 


3-17, CONNECTING ELECTRICAL PLUG TO 
FLIGHT INSTRUMENTATION PRESSURE 
TRANSDUCERS, (See figure 3-6.) This proce- 
dure must be a continuous operation. If a delay 
in completivn is encountered, all apeninga must 
be capped and the complete procedure repeated, 
starting with step a. 


a. Remove protective dust caps, and inspecr 
connectors for tha following: 


(1) Foreign particles, dust, dirt, moisture, j 
or lubricant on contact pins, soekeis, or inserts. | 
Clean connectors ag outlined in section 1, if 
necassary. 


NOTE 


Since lubricant may have the appear- 
ance of moisture, the subutance 
musi be examined carefully, 


(2) Bent pin contacts. Pln contacts that 
are not bent more then 20 degrees from connee= 
ter axis may be repaired. (See figure 3~5. ) 
(Rofer to R-3896-38, Volume Il, for electrical 
harness repair information.) Replace harvess 
if pin contacts are bent more than 20 degrees 
froru connoctor axis. 


(3) Pin contacta with more than one bend, 
regardless of angwarity of cach bend, are not 
accoptable. (Sce figure 3-5.) lteplace harneas 
Mf pin contact contains more than one bend. 


3+41 
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(4) Bent or misalined female socket con- 
tacts are not acceptable. Replace harness if 
socket contacts are damaged. 


(5) Extended or recessed pin contacts that 
exceed limits specified in figure 3-5, Replace 
harness if limits are exceeded. 


(5A) Tarnished pins, Clean pins as out- 
lined tn section I, 


(6) Damaged threads, corroded sockets, 
and cracked, split or punctured connector 
inserts, Replace harness ii any of these condi- 
tions exist, 


(7) Rotational movement of the connector 
adapter with respect to the harness armor braid 
is acceptable if the harness meets a resistance 
test of 0.1 ohm maximum between the connector 
adapter and the harness armor braid, Strain 
must not be applied between the connector 
adapter and the armor braid to determine con- 
nector rotation, 


CAUTION 


A plastle, wooden, or other non-~ 
abrading tool must be used to re- 
move the gasket to avald damaging 
the connector. 


b. Replace plug gasket (between plug eaell 
and coupling nut). (See figure 3-5.) Garket re~ 
quirements are lated by connector number in 
K-3896-4, Apply a thin coat of [51261 g.-ease 
(Dow Corning Corp), using Method J outlined tn 
section 1, to gasket before Installation. 


¢, Immedtately before connecting connector, 
clean plug and transducer receptacle by blowing 
with a regulated source of low-pressure (50-100 
psig) gaseous nitrogen (MIL-P-27401) or clean, 
dry air conforming to the cleanness and humid- 
ity requirements of MIL-P-27401, 


d. Apply a thin coat of F$1281 grease (Dow 
Corntng Corp), using Method A outlined in 
section I, to threads of receptacle before con- 
necting plug. Do not allow lubricant to contact 
pins, sockets, or inserts. Remove excess 
grease with a clean, Unt-free cloth. 


CAUTION 


When connecting the instrumentation 
harness to the gas generator cham- 
ber pressure trangducer (P119) or 
thrust chamber combustion chamber 
pressure transducer (P1234), the 
tranaducer must be diaconnected or 


a-42 Change No. 9 - 9 May 1973 


loosened from its attach bracket or 
adapter pctor to connecting the har- 
ness, to prevent damage to the 
harness or transducer, 


® The harness bend radius must 
never be less than one times the 
outside diameter of the harness; 
otherwise, damage to the harness 
can réault, 


e. Carefully mate plug and transducer recep- 
tacle, keepine plug and receptacle faces parallel 
and keyways alined. Do not bend, break, or 
damage contact ping or sockets, Attempt to 
maintain a bend radtus of not leas than 5 times 
outside diameter of harness wherever posalble. 
Bend radius must never be legs than one times 
outside diameter of harness, 


f, Turn coupling nut by hand and move plug 
forward toward receptacle until plug and recep- 
tacle are correctly mated, If coupling nut can- 
not be turned by hand, remove plug and recheck 
pin alinement, 


g. Torque plug coupling nutto applicable 
torque value. Torque requirements, by connec- 
cor number, are listed in figure 3-4, After a 
minimum of 30 minutes, retorque plug coupling 
nut to required torque value, 


CAUTION 


The torque value of the plug coupling 
nut must not be exceeded, since 
overtorquing can damage the elec- 
trical connectors. 


e After a second torque of tha coup- 
ling nut and safetywire Installation, 
no additional torquing must be per- 
formed, since damage to the plug 
sealing gasket can result, 


h. WM appleable, cross-torque nuts that 3e- 
cure transducer P119 or P123 to 125 210 In-lb 
after harness plug ip fully mated and turqued, 


1, Loosen bolts that socure harneas support 
block (3, figure 3-6) to its bracket enough to 
allow free movement of block for proper aline- 
ment of harneus with transducer, 


j. Insta)i clamp (2) on harness, and place 
harness in cradle of its respective harness sup- 
port block (3). 
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(6) boss. Torque union to 55-80 inch-pounds, 
Safetywire union, 


v. On engines incorporating MN141 change, 
lubricate bolt (7) with a thin coating of fluori- 
nated lubricant RB0140-010 (Rocketdyne) and 
install new seals (8, 2), elbow (9), and bolt 
(7). Torque bolt to 55-80 inch-pounds. Maxi- 
mum acceptable tilt under head of bolt must 
not exceed 0.020 inch. Safetywire bolt. 


w. Install support (3), with transducer and 
tube (1) attached on duct (6), using 5 bolts and 
washers, Torque bolts to 22 <5 inch-pounds. 
Safetywire bolts, 


x. Connect tube (1) to union (4) or elbow (9). 
Torque tube coupling nut to 160 410 nch-pounds, 
Safetywire coupling nut. 


y- Reconnect any clamps or parts discon- 
nected during removal of duct (6). 


z. Refer to section IV for post-maintenance 
test equirements, 


3-60. NO, 2 OXIDIZER HIGH-PRESSURE. 
DUCT (RIGID), (See figure 3-19. ) 


3-70. Equipment required for removing or 
installing No, 2 oxidizer high-pressure duct 
consista of oxidizer line adapter 9925434, lift 
fixture 9024021-11, and turbopump support 
strut 9025193 from Component Handling Fixture 
Set G4068. 


3-71. REMOVAL. 


CAUTION 


Protective closures, outlined in 
R-3896-4, must be installedas soon 
as possible after an engine joint or 
connection Is disconnected, to pre- 
vent contamination. 


a. Observe contamination prevention re- 
quirements outlined {n section I, 


b. Remove thermal insulation bracketry, as 
necessary, to reinove No, 2 oxidizer high- 
pressure duct. Refer to R-3896-6 for thermal 
insulation bracket removal {natructions. 


c. Disconnect tube (1) from elbow (23), 
Remove and discard seal (2). 
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d, Remove 2 bolts and washers that attach 
brackets (3) to duct (6). 


e. Remove 5 bolts and washers that attach 
support (4) to duct (6). 


f. Remove transducer (5), support (4), 
brackets (3), and tube (1) as an assembly, 


g. Remove & bolts and washers that attach 
Hiie (7) to boss (10), Remove seals (8) and 
orifice plate (9). 


h. Remove 4 belts and washers fhat attach 
tube (11) to duct (6), Remove seal (12), 


1. Remove 2 holts and washers that attach 
bracket (13) ta iurbopump oxidizer volute (20). 


j. Remove 4 bolts and washers that attach 
tube (14) and armored harness (15) to bracket 
(16). 


k. Remove 5 bolts and washers that altach 
bracket (16) to duct (6), Remove bracket. 


1, stall adapter 9025434 on duct (6). 


m. Using lift-fixture lift point, position and 
install lift-fixture 9024921-11 on adapter. 


n. Connect hoist hook to proper lift point on 
lift- fixture, 


o. Install strut 9025193 between turbopump 
and oxidizer dome. 


p. memove bolts and washers that attach duct 
(6) to No, 2 main oxidizer valve and turbopump 
oxidizer volute. 


CAUTION 


Seals (17), spacers (18), duct main 
oxidizer valve, and turbopump oxi- 
dizer volute sealing surfaces must 
be protected when removing duct (6). 


q. Using hoist, remove duct (6) from engine 
and place on prepared surface. Disconnect 
holgt and lift-fixture 9024921-11, and remove 
adapter 9025433 frum duet. 


r. On engines F-2017 through F-20638, if 
duct (6) is to be replaced, remove bolt (21), 
seals (22), and fitling (23). 
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LOX pump outlet tube 
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Seal 

Bracket 

Transducer LOX pump outlet flauge 
support 

Transducer 

No, 2 oxidizer high-pressure duct 

Oxldizer feed high-pressure duct end line 

Seal 

Orifice plate 

No. 2 high-preasure oxidizer duct boss 

No. 2 pressure LOX pump outlet flanged 
tube 

Matrumentation presaure-aciuated seal 


Pigura 3-19, 
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No. 2 LOX pump harness discharge flange 
bracket 

No. 2 main oxidizer valve dome purge line 

Armored harness 

Support bracket 

Preasure-actuated seal 

Kigid-cuct oxidizer spacer 

No. 2 main oxicizer valve 

No, 2 turbepump uxidizer volute flange 

Bolt 

Seal 

Fitting 

Plug 

Seal 
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s. On engines F-2064 through F-2072, if 
R duct (6) is to be replaced, remove plug (24) 
Band seal, (25). 


| 3-72. INSTALLATION, 


CAUTION 


Closures must not be removed until 
immediately prior to making appli- 
cable connections. 


@ When multiple fasteners are used 
at joints, the applicable torque and 
sufetywirlng methods outlined in 
section I raust be used, 


§ a. Observe contamination prevention re- 
i quirements outlined in section I. 


@ bh. If duct (6) is being reinstalled, proceed 
sto step e. 


f oc. On engines F-2017 through F-2063, if 

B duct (6) is being replaced, inspect new seals 

BF (22) for nicks and scratches that might impair 

j sealing function. Lubricate bolt (21) with 

4 fluorinated lubricant RBO140-010 (Hocketdyne). 
Install new seals (22), fitting (23), and bolt (21) 
in duct (6). Torque bolt to 55-86 inch-pounds. 
Safetywire holt. 


d. On engines F-2064 through F-20%2, if 
duct (6) is being replaced, Inspect new seal (25) 
fur nicks and scratches thal right impair seal- 
ing function. Lubricate plug (24) with fluorinated 
lubricant RB0140-010 (Rocketdyne). Install 
new sez] (25) and plug (24) in duct (6). Torque 
holt to 55-80 inch-pounds. Safetywire plug. 


e. Inspect sealing surfaces of duct (6), main 
oxidizer valve (19), turbopump oxidizer volute 
flange (20), new seats (17), and spacers (18) 
for nicks and scratches that might impair seal- 
tng function. 


f. Install adapter 902534 on duct (6). 


g. Using lift-fixture lift point, position and 
install llft-fixture 9024921-11 o1 adapter. 
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h. Connect hoist hook to proper ltt point on 
lift-fixture. Using hoist, place dues (6) in in- 
slallation positio.. 


i. Using bolts, washers, and nuts, install 
seals (17), spacers (18), bracket (13), and duct 
(6). Torque bolts that connect duct to rain 
oxidizer valve to 1, 150 to 1,250 inch-pounds. 
Safetywire bolts. Torque nuts that connect duct 
to turbopump oxidizer volute to 1, 150 to 1,250 
inch-pounds. Minimum and maximum torques 
required to turn bolt through locking feature of 
nul must be 15 and 300 inch-pounds respectively. 
Safetywire 2 bolts that attach bracket (13) only. & 


j. Disconnect 2.0 remove strut 9025193 from 
between furbopump and oxidizer dome, 


k. Install bracket (16) using 5 bolts and 
washers. Torque bolts to 75 +5 inch-pounds. 
Safetywire bolts. 


1. Install clamps that attach line (14) and 
armored harness (15) to bracket (16). 


m. Insvect sealing surfaces of new seal (12), 
tube (11), and duct (6) boss for nicks and 
scratches that might impair sealing function. 


n. Using new seal (12), attach tube (11) to 
duet (6) with 4 bolts and washers. Torque bolts 
to 7025 inch-pounds. Safetywire bolts, 


o. Inspect sealing surfaces of duct boss (10), 
orifice plate (9), and line (7) for nicks and 
acratches that might impair sealing function. 


p. Using new seals (8), attach iine (7) ta duct 
boss (10) with 8 bolts and washers. Torque 
bolts to 350 410 inch-pounds. Safetywire and 
seal bolts. 


q. Install transducer (5) and bracket (4) 
using 5 bolts and washers. Torgue bolts to 
22 +9 inch-pounds. Safetywire bolts. 


r. Using new seal (2), connect tube (1) to 
elbow (23). Torque tube coupling nut to 160 +10 
inch-pounds. Safetywire coupling nut. 
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CAUTION 


ho position of harness support 
block (3) must nat be allowed to 
change while torquiny: the hults. 


k. Install harness support clatap (1). Toraue 
bolts thal secure clamp (L) to harness support 
block (3) to 45 +5 in-lb. Safetywire bolts. 


1, Aline harness with transducer by adjusting 
harness support block (3) so that uo slrain is 
applied to harness or trausducer; ihen torque 
bolts that secure support bleck to 70 26 in-lb. 


in, Install transducer ingulator and safetywire, 
if applicable. See figure 3-6 for typical safety- 
wiring method used on transducer insulators. 
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Index Naine and 
No. Attaching Parts Part Number — Quantity 
1 Harness support 703062 1 
clamp 
Bolt RN111-4008-3405 2 
Washer RD153-50N2-004 2 
2 Clamp RE127-2002-0010 = 1 
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a. Install harness support clamps. 


oO. Tf an electrical plug to a transducer appears f 
io be lease cven though the plug is torqued and sf 
safetywiced, the acceptance criteria and disposi- § 
tion sre as follows: 


(1) A loose plug ig defined as one in which 
the coupling nul can be turned by hand in the 
tightouiug dix ection one quarter turn or more. 


(2) a plug is found to he loose, the plug 
must be disconnected, ag outlined in paragraph 
a-16, and the plug gasket replaced, aa outlined 
jn this procedure and connector relorqued. 
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Index Name and 
No. Attaching Parts Part Number Quantity 
3 Harness support 703001 1 
block 
Bolt RD111-4011-6423 2 
Washor RD153-1002-0004 2 
Waaher R153 -5002~-0004 2 
Nut ROLL14-8005-1004 2 
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Figure 3-6. Electrical Plug Connection to Flight Instrumentation Pressure Tranaducers (Typical) 
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3-18. HARNESS AND CABLE INSTALLATION 
REQUIREMENTS. The following steps outline 
the essential requirements that are applicable 
when installing any electrical harness or cable. 


a. Ul installing a replacement harness or 
cable, verify that harneas or cable preinsvalla-~ 
tion Lests outlined in section I have been 

performed. 


b. Pusition harness on engine, routing vari- 
ous branches ta respective connect points. 
Check breakout molds for proper location. 


c. Wheraver possible, connect electrical 
connectors to their respective counterparts as 
outlined in paragraph 3-15, prior to installing 
harness support clamps, to prevent possible 
preloading of connectors. If instrurnentation 
haness Ja installed, connect harness to trans- 
ducers (if applicable) as ovtlincd in paragraph 
3-17. 


d, Inatall hacness support clamps, making 
sure no excessive strain is upplied to harness. 
Tighten support clamp screws sufficiently to 
prevent harness movement within clamp, yet 
not damage harness. Claraps, up to and inelud- 
ing three sizes smaller or larger than those 
specified, may be aubstituted when it is neces- 
gary lo ensure proper clamping. ‘T'ypical har- 
ness support clamp installations are shown in 
fignive 3-7, 


NOTE 


Distance betveen harness support 
clamps must not oxcead 16 inches, 


e. Position clamps to obtain maximum sepa- 


rafion between harnesses and adjoining surfaces. 


Additional clamps and spacers may be added be- 
tween harnesses or cables to oblain proper 
clearance. When additional clamps ure used, 
they must be installed between adjacent har- 
nesses or cables, and not to other components. 
The following clamp asaembly of proper size 
must be used: clamp REI2Z7-2005-KXXX, screw 
AN520Ci0, washer LN153-0010-0007, and nut 
NASE 1903W, Acceptable clearances are as 
follows: 


(1) A 1/8-inch clearance must be matntained 


between harness and all tubing. 
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REI27-2004-XXXK —a y | 


TWO BRELA7-2004-RRAX, CLAMPS MU T BE INSTALLED 
RACK-TO-BACK. NO LD153-0010-AXXX WASHER RE- 


QUEL, 
of) -2005- XXX 


WASHER (a)-—~z QA 
LD184-O010-XXKX 


WASHER 


ONF, REIT. 2004-XX4X AND ONE REII7-2005-4XXX, 
CLAMPA MIST DE RISTALLED RUTTER FLY-SIYLE, 
£153.0010-KAKK WASHER RIAIUIRED UNDER NUT, 


“—-WASHER (a) 


u- RE 127-2005- 2000 


TWO RE1ZT- 2004 -KXXK AND ONE RE I27-2005-XXXXK. 
NO 149153-0010-XAXKX WASHER REQUIREL, 


REBT 2004- Om 


WAEHER {a) ue |6 


ONE, FEAST-2004-¥R4X AND ONE RE127 2005-XXXX 
WISH SPACE, 13)155-0010-24R WASHER REQUIRED 
UNDER NUT. 


WASHER (4) / 


—~" BRE | 27-2004 KXEK 
a 
alata 


TO 


132159 O010-KXXX WASHER “Saez 


SPACER 


ONF: RE 127-4004: AKKX AND ONE BEL27-2001-AXKR 
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REART if 2004- XKKE CLAMP 


Figure 23-7, Typleat lectrical H Tener 
Clamping Installations 


R- 3896-3 
Volume I 


(2) Harnesses must nol be allowed to come 
into direct contact with any component that con- 
tains hot gas, other than the normal barnesa 
electrical plug connection to # component used 
In the hot-gaa system. Indirect contact, such 
as contact with a harness support clamp attached 
to a hot-gas component, ig acceptable. 


(3) Harnesses must not be allowed io con- 
tact any aurface with a sharp edge (less than 
0. 12 inch radius). 


(4) Harnesses may touch ali other surfaces, 
including other harnesses, except those listed. 
3-19. ENGINE CONTROL HARNESSES AND 


3-20. The following procedures outline the re- 
ava and reinstallation and/or replacement of 
engine control harnesses and cabtes. 


3-21. J18 AND J20 ITARNESS. 


3-22. REMOVING J18 AND J20 HARNESS. 
(See figure 3-8. } 


a. Make sure that electrical power source 
is turned off. 


WARNING 


Disconnecting or connecting clectri- 
cal connectors withoul turning off 
the power source can cause ejectri- 
cal arcing beiween comectors, re- 
sulting in serious injury or death to 
personnel and damage to equipment. 


b. Disconnect electrical interface receptacles 
J18 (2) and 520 (2) trom interface panel. 


c. Where necessary, remove enough harness 
support clamps to allow electrical connectors 
to be disconnected without strain to harness. 


d. Disconnect electrical plug P30 (3) from 
checkout valve, plugs P51 (4) and P52 (5) from 
engine control valve, plug P75 (6) from thermo- 
stat support bracket, plug P78 (7) from No. 2 
thrust OK pressure switch (redesignated No. 1 


at thrust chamber as outlined in paragraph 3-14, 


Seetion WW 
Paragraphs 3-19 to 3-23 


e. Romove remaining harness support clamps, 
and carefully remove harness (1) from capine. 


£. Install protective dust caps on electrical 
plugs and receptacles. Dust-cap requirements, 
by connector reference designation number, are 
listed in R-3896 -4, 


g. For servicing or maintenance, instal: dust 
caps fingertight on electrical comiectors. ff 
harness is to be stored or shipped. torque dust 
caps on electrical connectors. Dust-cap torque 
requirements, by connector number, are listed 
in figure 3-4. 


h. If harness is to be transported to a repair 
area or stored, wrap harness with cushioning 
material to prevent possible damage. Wrap each 
individual electrical connector with cushioning 
material to prevent damage to connectors or 
other parts of harness. 


3-23. INSTALLING J18 AND J20 HARNESS. 
(See figure 3-8.) 


a, Observe harness installation requirements 
outlined in paragraph 3-18. 


b. Position harness on engine, routing vari- 
ous branches to respective connect points. 
Check breakout molds for proper location. 


c. Connect electrical plugs P30 (3), P51 (4), 
P52 (5), P75 (6), P78 (7), and P128 (8), ag out- 
lined in paragraph 3-15, to their respective 
counterp.irts prior to installing harness support 
clamps, to prevent possible preloading af eon- 
nectors. 


da. Connect electrical interface receptacles 
Jt8 (2) and 120 (2) to interface panel. Install 4 
attach bolts located toward centerline of turbo- 
pump from oft stde of interface panel. Torque 
nuts to 70 +5 in-Ib, 


e. Install harness support clamp assemblies 
(9) through (30) (clamp assemblies (26) through 
(30) are applicable to engines not incorporating 
MDu6 change), starting with clarnp assembly 
(9) and working toward clectrical plug P30 (3), 
making sure no excessive strain is applied to 
harness. Tighten haracsg support clamp 
screws sufficiently to prevent harness move- 
niont within clamp, yet not damage harness. 


Change No. 6 ~ 29 November 197! 3+45 


Section Ji R-- 3856-3 
Volume I 


AOR RN AE OPES EY i NRE NE I PE ET neti AS BfME A RRR Hie REEF ER EN ti EN 


1. Pee 
“a 


ead 


——~ 4 (P52) 


' 
- ran) 


1045307 F 


+ FLEXIBLE 
ARMOPED 
HAANESS 
TUEL INULT 
SUPPORT 

OH RFTUHN 
Link FLANGF 


(0) excmves nor mcoRPoRATHNG MD Ih CHANGE « aRRCRES 


9,19, 21 


Fi-3. 1.524 


A LA 9 AO Oates AN PREIN Mier Hime nr ahha WP ktirittimsinnnter 9 ute CIRO 


Figure 3-8. Ji8 and J20 Harness (Sheet 1 of 3) 


3-46 


R-3896-3 Section DI 
Volume I 


Rl rT Pi is inhi hl ts A, SVEN TBO A HOSS rOPUPEP TEAS A i un EN A 


oo 
By ws 
; 4 td 
oi a \ | (fey 


4 toe <9 
b % ag BEN 2" 
F Bo a“ ® 
ge wi 
FUEL INLET ihe Z Ya 
ELBOW HARNESS =) 


. > A 
SUPPORT isi ciNt eat Ok ie ff 


FUP POR T--+ 


7045266 


Ren ERY TO1S26 
Bee og SUPPORT (REF) es 
= / I wee NS 
d 


STRUT 
men EY 
. 4 Sgr G Aes 
in 


/ 1 matt N 1®, a P 16,17 


4 STRUT } 5 


SUPPORT 


cs nd * als ch 3 +f . 
Oe, SB OF : Ce BRACKEL 
PoERY i (C ~ wi] 
| (f ae —n ee 701526- = a 


CHAMBED LUNG rT 
ER PAD HAMNESS (4 rae (tr) 7 ” 
eas, SUPPORT = ‘ ARDS a 
‘ = ae” . = 
« My. RACKET ah ~ FY ay Wy 
SUPPORT 


STRUT sy 


eee TIS SZ 
104520—- (tk F) 
(REF) NY 
x ee, ds a“ a “aa 
a oa Poo CHAMLEM RING 
~~ S ae Va = poet [is HARNESS 


Gh 
77101526 (REF) an 
= P75 
TOPs. 
Le “if FUEL 
i: en SYSTEM ont 
= HARMESS : 
op “Ye, . SUPPORT fe. 
ye CKE 
wicetaae f BRACKET (S> 
AS ; 704533 
Qe mia (REF) 25 


Ft 3-4-34n 
Oni meniratirs etree nner meres se af 1 


A 2 AE PRE SO RN a ntl marl 


—: 


Figure 3-8. J18 and J20 Harness (Sheet 2 of 3) 
3-47 


Section Lit R-3896-3 


Volume I 


A ee rn AIO SI rer ea ee RY PS Ne el ne OTR A nn 


F1-3-1-76 


10 


Oe LA Tt 


ae ORCA 


TLE TTL TEENS NHR Eee AEA NE tl OR RO a EY AH 


Figure $-8. dJ18 and J20 Harness (Sheet 3 of 3) 
3«48 


Index 
No. 


terface 
tacle Ji 
Eleetri 
terface 


Flectrics 
P78 
Boot 
Electric: 
P128 
Boot 
Clamp a 
Clamp 
Clamp: 
Surew 
Washer 
Nut 
Clamp as 
Clarap 
Serew 
Washer 
Nut 
Clamp 3s 
Clainp 
Clamp 
Screw 
Spacer 
Washer 
Nut 
Clamp as 
Clanip 
Screw 
Washer 
Nut 
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Index 
No. 


qn 


Lies 


10 


J] 


12 


Name and 
Attaching Parta 


318 and J20 
harness 
Electrical in- 
terface recep- 
tacle J18 
Electrical in- 
terface recep- 
tacle 320 

Rolt 

Washer 

Washer 

Nut 
Blectrical plug 
B30 

Boot 
Electrical plug 
P51 

Boot 
Electrical plug 
P52 

Boot 
Electrical plug 
P75 

Boot 
Electrical plug 
P78 

Boot 
Blectrical phy 
P128 

Boot 


Part No. 


902944 
703937-111 


703937-91 


RD114-4011-6414 
FD 453-5002 -0004 
RD153~- 1002-0004 
RD111-8003- 1004 
502935-171 


19-501743 -4 
502937-71 


19-501745-2 
902937-41 


19-501745-2 
02935-1141 


19-501743-3 
50293%-91 


19-501743.3 
502935-44 


19-501743-2 


Clamp assembly 


Clamp 
Clarap 
Screw 
Washer 
Nut 


RE127-2004-0012 
RET -2005 -0052 
AN520C 19R10 
1,9153-0010-0007 
NASETSCIW 


Clarap assembly 


Clamp 
Screw 
Washer 
Nut 
Clamp assembly 
Clamp 
Clamp 
Screw 
Spacer 
Washer 
Nut 
Clamp assembly 
Clamp 
Screw 
Washer 


+ ee ee 


RE127-2004-0014 
ANS20C 1010 
LD153-0010-0007 
NASE7INCIW 


REI27-2004~0012 
REI27-2005-0011 
AN520C 10R18 
NAS43DD3~-24 
LD153-0010-C007 
NAS679C3W 


RE127-2004-0012 
AN520C10R10 

LD153-0010-0007 
NASOTICSW 


Quantity 


oer rarer 


Se oe 


1 
i 
1 
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Index 


No. Attaching Paris 


13 


14 


15 


16 


i7 


19 


20 


Name and 


Clamp assembly 
Clamp 
Screw 
Wanher 
Nut 
Clamp assembly 
Clamp 
Clamp 
Clamp 
Screw 
Nut 
Clamp assembly 
Clamp 
Clamp 
Clamp 
Screw 
Spacer 
Washer 
Nut 
Clamp assembly 
Clamp 
Clamp 
Clamp 
Screw 
Washer 
Nut 
Clanip assembly 
Clamp 
Clamp 
Clamp 
Screw 
Washer 
Nut 
Clamp assembly 
Clamp 
Clamp 
Screw 
Washer 
Nut 
Clamp assembly 
Clamp 
Ciainp 
Screw 
Washer 
Nut 
Clamp asseimbly 
Clamp 
Clamp 
Screw 
Spacer 
Nut 


Part No. 


RE1A7-2004-0009 
ANS5S20C10R10 
1,D153-0010-0007 
NASGTIC3IW 


RE127-2004-0009 
RE127-2004-00 12 
RE127-2005-0008 
ANS20C1LORI2 
NASGTOC3W 


RE127-2001-0045 
RE 127 -2004-0012 
RE1A7-2005-0012 
ANS20C1LOR26 
NAS543D03-48 
1D153-0010-0007 
NASCTICIW 


RE127-2001-0045 
RE127-2004-0012 
RE127-2005-0012 
ANSA0C LOR 12 
1.D153-0010-0607 
NASBTIC3IW 


RE127 -2001-0043 
RE127-2004-0015 
R&127-2005-0011 
ANS29C10R12 
L0153-0010-0007 
MAS6TOCRW 


RE127-200) -0045 
RE127 -2004-0007 
ANS20C 10RD 
LD153-06 £0--0007 
NASCTICIW 


RE127 -2004-0007 
RE127-2005-0015 
ANDS20CIORS 
L153 -0010-0007 
NASSTEC3W 


RE127-2004-0011 
RE127-2004-0013 
ANS20C10R22 
NASdIND3-40 
NASGB79C3W 


Quantity 


Se meet on oe bt pk ek ek pe tn a) 


pee peek tek ek ee a ae ae ey ee a Pee ee ee ey 


ek et reek 


14 
04 
104 
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ak 
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= eh pk en 


13 


15 


16 


17 


1b 


19 


20 


Index 
No. 


Name and 
Attaching Parts 


Clamp assembly 
Clamp 
Screw 
Washer 
Nut 
Clamp assembly 
Clamp 
Clamp 
Clamp 
Screw 
Nut 
Clamp assembly 
Clainp 
Clamp 
Clamp 
Serew 
Spacer 
Washer 
Nut 
Clamp assembly 
Clamp 
Clamp 
Clamp 
Screw 
Washer 
Nut 
Clamp asseinbly 
Clamp 
Clamp 
Clamp 
Screw 
Washer 
Nut 
Clamp assembly 
Clamp 
Clamp 
Screw 
Whaher 
Nut 
Clamp assembly 
Clamp 
Clamp 
Screw 
Washer 
Nut 
Clamp assembly 
Clamp 
Clamp 
Screw 
Spacer 
Nut 


Part No. Quantity 


NE127-2004-0009 
ANS20C10R10 
1.D153-0010-0007 
NASSTICSW 


a a 


RE 127-2004-0009 
RE127-2004-0012 
RE127-2005-0008 
ANS20C10R12 
NAS6B7T9C3W 


RE127-2001-0045 
RE127-2004-0012 
RE127-2005-0012 
ANS20C10R26 
WAS43DD3-48 
LD153-0010-0007 
NAS67T9C3W 


poe a are aes 


nll aathennlll nS a) 


RE127-2001-6045 
RE127-2004-0012 
RE127-2005-0012 
AN520C10R123 
LD153-0010--0007 
NAS87SC3W 


eek peek ek ek tek pet 


RE127-2061-0045 
RE127-2004-0015 
RE127-2005-0011 
ANS2Z0C1ORI12Z 
LD153-0010--0007 
NAS6TICIW 


ee a 


RE127-2001-0045 
RE127-.2004-0007 
ANS20CIORIO 
LDL53-0010-0007 
NASETICIW 


et ee ae ey 


RE127-~2004--0007 
RE127--2005-0015 
AN520C10R8 
1.J3153.-0010- 0007 
NAS6TECIW 


Foek ek ek ek et 


R¥127-2004-6011 
RE127-2004-0013 
AN520C10R22 
NAS43DD3-40 
NASOTIC3IW 


ee ee eo ey 


22 


23 


24 


25 


26 


27 


28 


29 


30 


Index 
No, Attaching Parts 


Name and 


Part No. Quantity 


21 Clamp assembly 


Clamp RE127- 2004-0011 1 
Clamp RE1i27- 2005-0007 1 
Screw 4N520C010R10 1 

Washer LD153-0019-0007 J 

Nut NAS67T9C3W 1 

Clamp asasernbly 

Clamp RE 127- 2004-0011 J 

Screw AN520C 10R22 1 

Spacer NA543DD3-40 1 

Washer 1.D153-0010-0007 1 

Nut NASE7TIC3W 1 

Clamp assembly 

Clamp YRE127- 2004-0011 2 

Screw AN520€ 10R10 1 

Nut NASS79CIW 1 

Clamp assembly 

Cla RE127-2004-0014 1 

Clamp RELZT- 2004-0012 I 

Screw AN520C 10R10 1 

Nut NAS6TIC3BW 1 

Clamp assembly 

Clamp RE127- 2004-0008 1 

Clamp RE127- 2004-0009 1 

Clamp RE127- 2005-0012 1 

Screw AN520C 10R14 1 

Nut NAS679C3W 1 

ean aed "RE igi- 2 8 1 
m : si” 

5 lap i 3 EBL 8885 i 
lated a 1 
Nut ae aay 1 

Clamp sateen 
lamp RELST- 2004-0009 1 
Crew 4N020C 10810 1 

Washer 109 153-0010-0007 1 

Nut NAS6TYC3IW 1 

rane assembly 

Clamp REI27- 2004-0018 1 

Clamp RE127- 2005-0012 1 

Screw £ NC LOKI 1 

Washer 1.0153-0010-0007 1 

Nut NASGTOCIW 1 

Clamp assembly 

Clamp RE127- 2004-0008 1 

Clamp FLE127- 2005-0008 1 

Screw AN520C10R14 1 

Washer 1.0193-.0010-0007 1 

Nut NASE79C OW 1 

Clamp aaseimbl 

Clainp RH127- 2004-0008 1 

Clamp NE127- 2004-0009 i 

Screw ANS520C1ORI2 1 

Nat NASSTICIW | 
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3-24, J19 HARNESS. 
eae REMOVING J19 HARNESS (See figure 
=9; 


a. Make sure that electrical power source 
4g turned off. 


WARNING 


Disconnecting or connecting electri- 
cal connectors without turning off 
the power source can cause electri- 
cal arcing between connectors, re- 
sulting in serious injury or death to 
personnel and damage to equipment. 


b. Disconnect electrical interface receptacle 
J19 (2) from interface panel. 


c. Disconnect electrical plugs P50 (3) from 
redundant shutdown valve, and P56 (4) from hy- 
pergol manifold, as outlined in paragraph 3-14, 


d., Remove harness support clamp assemblies 
(5) through (20), and carefully remove harness 
(1) from engine. 


ée. Install protective dust caps on electrical 
plugs and receptacie. Dust-cap requirements, 
by connector reference designation number, 
are listed in R-3896-4, 


f. For servicing or maintenance, insta}l dust 
caps fingertight on electrical connectors. If 
harncss is 19 be stored or shipped, torque dust 
caps on electrical comnectors. Dust-cap torque 
requirements, by connector number, gre listed 
in figure 3-4, 


g. Hf harness is to be transported to a repair 
area or stored, wrap harness with cushioning 
mitevial to prevent possible damage. Wrap 
each individual electrical connector with cush- 
jioning material to prevent damage to connectors 
or other parts of harness. 


ate INSTALLING J19 HARNESS, 
3-9. 


(See figure 


a. Observe harness installation requirements 
outlined in paragraph 3-18. 


bh. Position harness on engine, routing clec- 
trical connectors to hypergo] manifold and re- 
dundant shutdown valve connect points. Check 
breakout mold for proper location. 


c. Connect electrical plugs P50 (3) and P56 
(4) a3 outlined in paragraph 3-15 to redundant 
shutdown valve and hypergol manifold to prevent 
possible preloading of connectors. 


ad. Connect electrical interface receptacle 
J19 (2) to interface panel. Torque nuts to 
10 45 in-lb. 


e. Install harness support clamp asserablics 
(5) through (20) starting with clamp closest to 
center of harness and working toward receptacle 
and connectors. Make gure no excessive strain 
is applied to harness. Tighten harness support 
clamp screws sufficiently to prevent harneas 
movement within clamp, yet not damaye harness. 
3-27, J142 CABLE. 
3-28, 
3-10.) 


RFMOVING J142 CABLE. (See figure 


a. Make sure that electrical power source is 
turnee off. 


WARNING 


Disconnecting or connecting electri- 
cal connectors without turning off 
the power source can cause clectri- 
cal arcing between connectors, re- 
sulting in serious injury or death to 
personel and damage to equipment. 


bh. Bisconnect electrical interface receptacle 
3142 (2) from interface panel. 


c. Disconnect electrical plug P73 (3) from 
No. 1 thrust OK pressure swiich (redesignated 
No. 2 switch on egines incorporating MD157 or 
M158 change), as outlined in paragraph 3-14. 


d. Remove cable support clamp assemblies 
(4) through (7). On engines not incorporating 
MD98 change, remove clamp assemblies (5) 
through (9). Carefwly remove cable (1) from 
engine. 
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Figure 3-9. J19 Harness (Sheet 1 of 3) 
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R-3896-3 Section I 
Volume [ 
index Name and Index Name and 
No. Attaching Parts Part No. Quantity . Attaching Parts Part No. Quantity 

i Ji9harness 502948-11 10A Clamp assembly 
2 Electrical 703937-51 1 Clamp RE127-2004-0012 = 1 
interface re- Clamp RE127-2004-0014 1 
ceptacle J19 Clamp RE127-2005-0009 i 
Bolt RDOL11-4011-6414 4 Screw AN520C10R12 1 
Washer RD153-5002-0004 4 Nut NASOTIC IW 1 

Washer RD153-1002-0004 4 11 Clamp assembly 
Nut RD114-8003-1004 4 O's wip RE127-2004-0009 1 
3 Electrical 502937-91 st Screw AN520C10R10 1 
plug P50 Washer 1.9153-0010-0007 1 
Boot 19-501745-3 1 Nut NAS679C 3W 1 

4 Electrical 502937-91 1 12 Clamp assembly 
plug P56 Clamp RE127-2004-0008 1 
Boot 19-501745-3 1 Clamp Ris127-2004-0009 =f 
5 Clamp assembly Screw AN520C 10Ri0 1 
Clamp RE127-2004-0009 1 Nut NAS679C3W 1 

Clamp RE127-2004-0015 1 13 Clamp assembly 
Clamp RE127-2005-0009 1 Clamp RE127-2001-0008 1 
Screw ANS20C10R12 1 Clamp Raolat-2004-0008 1 
Nut NAS679C3W I Screw AN520C10R14 1 
6 Clamp assembly Spacer NAS43DD3-24 i 
Clamp RE127-2001-0026 1 Washer LD153-0010-0007 1 
Clamp RE127-2004-0015 i Nut NAS679C3W 1 

Clamp RE127-2005-0009 t 14 Clamp assembly 
Screw AN520C10R24 1 Clamp RElL27-2001-0006 1 
Spacer NAS43DD3-48 1 Clamp REt27-2004-0009 1 
Washer LD153-0010-0007 1 Screw AN520C10R10 i 
Nut NASG79ICIW 1 Washer L.0153-0010-0007 1 
7 Clamp assembly Nut NAS679C3W 1 

Clamp RE127-2004-0009 1 15  Ciamp assembly 
Clamp RE127-2005-0015 i Clamp RE127-2004-0009 = 1 
Screw AN520C10R10 1 Screw AN520C 10810 1 
Washer LD153-0010-0007 1 Washer L.D153-0010-0007 1 
Nut NAS679C3W 1 Nut NAS699C3W 1 

8 Clamp assembly 16 Clamp assembly 
Clamp RE127-2001-0026 1 Clamp RE127-2001-0008 1 
Clamp REJ27-2094-0009 1 Clamp RE127-2004-0009 1 
Clamp RE127-2005-0015 i Surew AN520C10R17 1 
Screw AN520C10R12 1 Spacer NAS43HT3-24 1 
Washer LD153-0010-0007 1 Washer LD153-0010-0007 1 
Nut NASB679C3IW 1 Nut NAS6729C 3W 1 

9 Clamp assembly 17 Clamp assembly 
Clamp RE127-2004-0009 1 Clamp RE127~-2004-0009 1 
Clamp RE127-2005-0015 1 Clamp RE127-2004-0012 1 
Screw AN520C10R12 1 Screw AND20C 10R16 1 
Washer LD153-0010-0007 1 Nut NAS8679C3W 1 

Nut NASO7T9C3W 1 18 Clamp assembly 
10.) «Clamp assembly Clamp REi27-2004-0008 1 
Clamp RE127-2004-0009 1 Clamp REL27-2004-0010 = 1 
Screw AN520C 10Ri0 1 Screw AN520C 10R10 1 
Washer LD153-0010-0007 1 Nut NASE7ICIW 1 

Nut NAS879CIW 1 


Figure 3-9. J19 Harness (Sheet 2 of 3) 


Section Il R-3896-3 

Paragraphs 3-29 to 3-31 Volume I 

Index Name and d. Connect electrical interface receptacle 

No. Attaching Parts Part No. Quantity 3142 (2) to interface panel. Torque nuts to 

es 70 £5 in-lb. 

19 Clamp assembly 
Clanip RE127-2001-0008 1 @. Instail cable support clamp assemblies (4) 
Clamp RE127-2004-0009 = t through (7), starting wilh clamp assembly (4) ane 
Screw AN520C10RI6 1 working toward electrical plug P73 (3), making 
Spacer NAS43DD3~-24 1 sure no excessive stiain is applied to cable. 
Washer 1.D1538-~-0010-0007 1 On engines not incorporating MD96 change, in- 
Nut NAS679C3W 1 stall cable support clamp assemblies (5) throush 

20 Clamp assembly (9), starting with clamp assembly (8) and work- 
Clamp EI27-2001-0010 3 ing toward electrical plug P73 (3), making sure 
Clamp RE127-2004-0009 1 no excessive strain is applied to cable. Tighten 
Screw ANS20C LOR 16 1 cable support clamp screws sufficiently to pre- 
Spacer NAS43DD3-24 1 vent movement within clamp yet not damage 
Washer 1D153-0010-0007 = 1 cable. 
Nut NASGTSCIW 1 


a rr 


Figure 3-9, J19 Harness (Sheet 3 of 3) 


e, Install protective dust caps on electrical 
plug and receptacle. Dust-cap requirements, 
by connector reference designation number, are 
listed in R-3896-4, 


f. For servicing or maintenance, install dust 
caps fingertight on electrical connectors. If 
cable is to he stored or shipped, torque dust 
caps on electrical connectors. Dust-cap torque 
requirements, by connector number, are tisted 
in figure 3-4. 


f. Hf cable is to be transported to a repair 
area or stored, wrap cable with cushioning 
materiai to prevent possible damage. Wrap 
each individual electrical connector with cush- 
ioning material tc prevent damage to cunnectors 
or other parts of cable. 


3-29, INSTALLING J142 CABLE. (See figure 
3-10. ) 


a. Observe harness installation requirements 
outlined in paragraph 3-18. 


b. Position cable on engine, routing electri- 
cal connector to connect point at No. 1 thrust 
OK pressure switch (redesignated No. 2 switch 
on engines incorporating MD157 or MD158 
change). 


c. Temporarily connect electrical plug P73 
(3) fingertight to thrust OK pressure switch as 
oullined in paragraph 3-15 io prevent possible 
preloading of connector. 


3-30. J174 CABLE. 
3-31. REMOVING J174 CABLE. (Sce figure 
3-11. ) 


a. Make sure that electrical power source igs 
turned off. 


WARNING 


Disconnecting or connecting electri- 
cal connectors without turning off 
the power source can cause electri- 
cal arcing between connectors, reo- 
sulting in serious injury or death to 
personnel and damage to equipment. 


b. Disconnect electrical interface receptacle 
J474 (2) from interface panel. 


¢. Disconnect electrical plug P74 (3) from 
No. 3 thrust OK pressure switch. 


d. Remove harness support clamp assemblies 
(4) and (5), and carefully remove cable (1) from 
engine. 


e. Install protective dust caps on electrical 
plug and receptacle. Dugt-cap requirements, 
by connector reference designation numer, are 
listed in R-3896-4, 


f. For servicing or maintenance, install dust 
caps fingertight on electrical connectors. If 
cable is to he stored or shipped, torque dust 
caps on electrical connectors. Dust-cap torque 
requirement, by connector number, are sisted 
in figure 3-4, 
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Figure 3-10. J142 Cable (Sheer 1 of 2) 
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Section II] R-3696-3 


Paragraphs 3-32 to 3-34 Volume I 
Index Name and Fidex Name and aoe a 
No, Attaching Pavts Part No, = Quantity No. Attaching Parts Part No. Quantity 
1 3142 cable 502949 1 6 Clamp assembly 
2 Electrical 70393 7-141 1 Clamp RE127-2001-0018 1 
interface re- Clarap RE127-2004-0009 1 
ceptacle J142 Serew ANS2CO10RI2 1 
Bolts RDIL1-4011-6417 3 Washer LD153-0010-0007 1 
Washer RD153-5002-0004 3 Nut NAS679C3 W 1 
Washer RNDLH3- 1002-0004 3 7 Clamp assembly 
Nut RI114-8003-1004 3 Clamp RET27-2001-0026 1 
3 Hlectrical Clamp RE1297-2004-0009 1 
plug P73 502937-91 1 feo rew ANS20C 10112 1 
Boot 19-501745-3 1 Washer J,D153-0010-0007 1 
4 Clamp assembly Nut NAS TACSW i 
Clamp RE127-2004-0009 1 8 Clamo assembly 
Screw AN5S2Z0C1OR10 1 Clamp RE127-2004-0009 1 
Wasner 1,19153-06010-0007 = 4 Clamp RE127-20U4-0010 1 
Nut NAS6T9C3W 1 Screw ANS200: 10812 1 
Bracket RI127-9001-1220 = | Nut NASG79C3 W 1 
Bolt RD111-4010--6409 1 9 Clamp assembly 
Washer RD153- 5002-0004 1 Ch ° Rr127-2¢ 04-0009 1 
§ Clamp assembly oe ais ahead 
Clamp RE127-2004-0009 1 Screw ANS20C10R10 1 
Clamp RE129-2005-0009 1 Washer ¥.D153-0010-0007 1 
Screw AN520C10R10 1 Nut NAS679C3 W ! 
Washer L.D153-0010-0007 = 1 
Nut NAS6O7T9CIW Bo Ho hs =e 


Figure 3-10, J142 Cable (Sheet 2 of 2) 
&. Ifeable is to be transported to a repair 3-33. J800 HARNESS, 
area or stored, wrap cable with cushioning 
material fo prevent possible damage. Wrap 
each individual electrical connector with cush- 
fonkh., material to prevent damage to connectors 
or other parts of cable, a. Make sure that electrical power sourco is 

turned off. 


3-34, REMOVING J800 HARNESS, (Sec 
figure 3-12, ) 


3-82, INSTALLING J174 CABLE, (Sec figure 3-11.) 


a. Observe cable installation requirements 
outlined in puragraph 3-18, 


WARNING 


Disconnecting or connecting electrt- 
cal connectors without turning off 
the power source can cause electri- 
cal arcing between connectors, re- 
sulting in serious injury or death to 
personnel and damage to equipment. 


b. Position cable on engine, routing electri- 
cal connector to connect point at No, 3 thrust 
OK pressure switch, 


c. Connect electrical plug P74 (3), to No. 3 
thrust pressure switch as outlined in paragraph 
3-15 to prevent possible preloading of connector. b, Disconnect electrical interface receptacle 

3800 (2) from interface panel. 

ad, Connect electrical interface receptacle 
Jiv4 (2) to interface panel. Torque nuts to 
70 4% in-lb, 


c. Disconnect electrical plugs P85 (3), P86 
(4), PBT (5), and P88 (6) from lower connector 
panel at turbopump as outlined in paragraph 3-14, 

e. Install cable support clamp assemblies (4) 
and (5), making sure no excessive strain is ap- 
plied to cable. Tighten cable support clamp 
screws sufficiently to prevent movement within 
clamp, yet not damage cable. 


d, Reniove harness support clamp assemblies 
(7), (8), and (9), and carefully remove harness 
(1) from engine. 
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Figure 3-11. Jj174 Cable (Sheet 1 of 2) 


Section TM 
Paragraphs 3-35 to 3-40 


re men 


Index Name and 


No. Altaching Parts Part No. Quantity 
1 J174 cable 302947 1 
2 Rlectrical in- 703937-131 1 


terface re- 
ceptacle J174 
Bolt RD111-4011-6414 4 


Washer RD153-5002-0004 4 
Washer RD153-1002-0004 4 
Nut RD114-8003-1004 4 

3 Electrical 
plug P74 502937-91 } 
Boat [9-501745-3 1 


| 


erie ann cei ae, 


R-3896~-3 
Volume IJ 


Quantity 
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index Name and 
No. Attaching Parts 


Part No, 


4 Clamp assembly 


Clamp RE127-2004-0009 1 
Clamp RE127-2004-0015 9} 
Clamp RE127-2005-0009 = 1 
Screw AN520C 10R12 1 
Nut NASGTICIW 1 
5 Clamp assembly 
Clamp RE127-2601-0026 1 
Clamp RH127-2004-0009 1 
Serew AN520C 10R12 t 
Washer LDI53-0010-0007 1 
Nut NAS6TICSW 1 
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Figure 3-11. J174 Cable (Sheet 2 of 2) 


c. Instal) protective dust caps on electrical 
plugs and receptacle. Dust-cap requirements, 
by connector reference designation number, are 
listed in R-3896~4, 


f. For servicing or maintenance, instal! dust 
caps Cingertight on electrical connectors, lf 
harness is to be stored or shipped, torque dust 
caps on electrical connectors. Dust-eap torque 
requirements, by connector number, are listed 
in fipure 3-4. 


g- It harness is to be transported to a repalr 
area or stored, wrap harness with cushioning 
material to prevent possible daniage. Wrap 
each indivadual electrical connector with cush- 
joning material to prevent damage to connectoss 
or other parts of harness. 


3-35. INSTALLING J800 HARNESS, {See fig 
ure 3-12, ) 


a. Observe harness installation requirements 
outlined in paragraph 3-18, 


b. Position harness on engine, routing elec- 
trical connectors to respective connect points 
on lower connect panel at turbopump. Check 
breakout mold for proper location. 


c. Connect electrical plugs P85 (3), P86 (4), 
POT (5), and P&B (6), ag outlined in paragraph 
#-15, to their respective clectrical receptacles 
ou lower comector panel, to prevent possible 
preloading of connectora, 


d. Connect electrical interface receptacle 
3800 (2) to interface panel. Check that cunnec~ 
tor cars of receptacle J600 are positioned par- 
allel with interface panel. ‘Torque nuts to 
70 45 in-lb. 


e. Install harnegys support clamp asseinblles 
(7), (8), and (9), making sure no excessive straw 
is applied to han. ss. Tighten harness syuppurt 
clamp screws sufficiently to prevent harness 
movement within clamp, yet not damage harness. 


a 


ee re ee ee ne eee + — 


PORATING MDQ6 CHANGE. ) 


3-37. The following procedures outline the re- 
moval and reingtallation or replacement of the 
Qight instrumentation electrical harnesses and 
cables. These procedures are applicable to an 
engine configuration incorporating MD96 change. 


3-38, J100, J101, J102, AND J103 CABLES. 


3-39. Because of the simplified configuration 

of interconnect cables J100, J101, J102, and 
J103 between the interface panel and the primary 
junction box, the removal and installation proce- 
dures for these cables are combined into one 
procedure. 


3-40. REMOVING J100, J101, J102, AND 
3103 CABLES. (See figure 3-13. ) 


a. Make sure that electrical power source is 
turned off, 
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Figure 3-12. .800 Harness (Sheet 1 of 2) 


Section 10 
Paragraph 3-41 


eee 


Index Name and 

No. Ataching Parts Part No. Quantity 
i J800 harness 502943 1 

2 Electrical in- 703937-11 1 


terface re- 
ceptacie J800 


Bolt RD111-4011-6414 4 

Washer RD153-5002-0004 4 

Washer RD153-1002-0004 4 

Nut RL114-8003-1004 4 

3 Electrical 502935-31 i 
plug P&5 

Boot 19-501743-2 1 

4 Electrical 502935-31 1 
plug Paé 

Bout 19-501743-2 1 

i) Electrical 902935-11 1 
plugs P87 

Hoot 19~-501743~1 1 

6 Electrical 502934%~11 1 
plug P88 

Baot t9g..901743-1 1 


er 


a re ee yer meer ater 


Figure 3-12. 
WARNING 


Disconnecling ar connecting electri- 
cal connectors without turning: off 
tha power source can cause eleciri- 
cal arcing be‘ween connectors, re- 
Siulting, in serious injury or death to 
personnel and damage to equipment. 


hb. tf J100 (1) or 7103 (10) cable is to be re- 
moved, remove cable support clamp assembly 
(13), if Inslalled. (Clamp assembly is not re- 
quired for reinstallation. } 


c. Disconnect applicable electrical interface 
receptacle J100 (2), JtOL (5), JL02 (8), ox 
J103 (11), froin interface panel. 


d. Disconnect applicable electrical plug, 
P108 (3), P109 (6), PL110 (9), or P115 (12), 
from primary junction box, aa outlined in para- 
graph 3-14, and carefully remove applicable 
cabie from engine. 


e. Ingtall protectiv. dust cape on electrical 
plugs and receptacies. Dust cap requirements, 
by connector reference designation number, ara 
Hated in R-3896-4. 
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R-3896-3 
Volume ! 


— 


are ty 


Index Name and 
No. Atiaching Parts 


Part No. Quantity 


7 Clamp assembly 


Clamp RE127-2004-0012 I 
Clamp RE127-2004-0014 1 
Spacer NAS43OD3- 14 j 
Screw AN520C 10R16 4 
Nut NAS6T9CIW 1 
8 Clamp assembly 
Clamp RE127-2004-0010 1 
Clamp MH127-2004-0014 = 1 
Clamp RE127-2005-0010 1 
Screw AN520C 10114 1 
Nut NAS67TNC3W 1 
9 Clamp assembly 
Clamp REI17~-2004-0007 2 
Clamp RE127-2004-0012 1 
Clamp RE127-2005-0007 2 
Clamp RE127..2005-0012 91 
Screw ANS20C10R30 I 
Spacer NAS43DN3-40 1 
Nut NASOTSCOW 1 
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J800 Harness (Sheet 2 of 2) 


f. For servicing or rsaintenance, install dust 
caps fingertight on electrical connectors. Dust 
cap torque requirements, by connector wamber, 
are listed in figure 3-4, 


g. Lf cable is to be transported to a repair 
area or is to be slored, wrap cuble with cush- 
jonlug material io prevent possible damage. 
Wrap each individual electrical connector with 
cushioning material to prevent damage to con- 
nectors or other parts of the vable. 


3-4). INSTALLING 3100, Jt01, 3102, AND 
J103 CABLES, (See figure 3-13. ) 


a. Observe cable installation requirements 
outlined in paragraph 3-18. 


b. Position cable on engine, routing applicable 
electrical connectors to their respective connect 
pointy at interface panel and primary junction 
box, 


c. Connect applicable electrical plug P108 (3), 
P1009 (6), P110 (9), or P1I15 (12), fingertight as 
ouulined in paragraph 3-15, to primary junction 
box to prevent possible preloading of connector. 
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Index Name and 
—Ny._ Attaching Purts Part No. Quantity 


1 J100 cable 104538 1 f J102 cable. 104530 } 
2 lectrical inter- 703937-21 1 Electrical inter- 704937-71 
face receplacle fac receptacle 
J100 
Balt RD1I11-4011-6414 4 Bolt ROILM11-4011-6414 3 
Washer RD153-1002-0004 4 Washer RD153-1002-0004 3 
Washer AS- 30a 4 Washer RD153- 5002-0004 3 
Nu RDL14-8003-1004 4 Nut RD1I14-9008-1004 3 
3) Electricat plug  502935-211 1 9 Electrical plug  602935-351 1 
P108 P110 
Boot 19-501743-6 } Boot 19-501748-7 1 
4 Ji0L cahle 704520 } 10 = J103 cable 704527 1 
5 Electrical inter- 703937- 101 1 11. ~=—s- Blectrical inter- 703937-G1 J 
face receptacle face receptacle 
Jidl J108 
thee D1 2-000)-0001 . ow ee Boone aan 3 
spacer R391 §2- “ asher RD153- t002- t+ oa 
Washer HIRT 2~ OO) Washer RD1$3- 5002-0004 
Vasher RD16d- 9002-0004 ; Nut aes Bo0%: {004 : 
Tut RD114-8003-1004 3 12)  Vileetrical plug  §02935-341 1 
6 nae plug §02937-611 j PLI5 5.501% 
: Boot - 501743. 7 
Boot 19-- 704105-J t ; ; 
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(a) Anillo Supply and Mfg Co, Uuntington Park, Calif. 90257 
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Figure 3-13. $100, J101, J102, and J103 Cables 


Section TL 
Paragraphs 3-42 to 3-46 


d. Connect applicable interface recentacle, 
J106 (2), J101 (5), 9102 (8), or J103 (21), to 
interface panel. Torque nuts to 7045 in-lb. 


e, Torque and safetywire electrical plug at 
primary junction box as outlined in paragraph 
3-15. 


3-42. J104 HARNESS. 


3-43. (See figure 


3-14.) 


REMOVING J104 HARNESS. 


a. Make sure that clectrical power source 
is turned off. 


WARNING 


Disconnecting or connecting electri- 
cal connectors without turning off the 
power source can cause clectrical 
arcing between connectors, result- 
ing in sertous injury or death to per- 
sonnel and damare to equipment. 


b. Disconnect electrical interface receptacle 
F104 (2) from interface panel. 


c, Disconnect electrical plugs P130 (3) as 
outlined in pe ragraph 3-14, at turbopump lower 
connector nanel, and plug P132 (4) at oxidizer 
flowmeter. 


d, Remove harness gupport clamp assemblies 
(5) through (10), and carefully remove harness 
(1) from engine. 


e. Install protective dust caps on electrical 
plurs and receptacle. Dust-cap requirements, 
by connector reference designation number, are 
listed in R-3896-4. 


f. For servicing or maintenance, install dust 
caps fingertight on electrical connectors, Dust- 
cap torque requirements, by connector number, 
are listed in figure 3-4, 


g. If harness is to be transported to a repair 
area or stored, wrap harness with cushioning 
material to prevent possible damage. Wrap 
each indlyidual electrical connector wilh cush- 
ioning material to prevent damage to connectors 
or other parts of the harness. 
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Volume ! 


3-44. INSTALLING J104 HARNESS. 
ure 3-14.) 


(See fig- 


a. Observe harness installation requirernents 
outlined in paragraph 3-18. 


b. Position harness on engine, voyting elec- 
trical plugs to their respective connect points at 
turbopump lower connector panel and oxidizer 
flovmeter. Check breakout wold for proper 
Jocation, 


c Connect electrical plugs P130 (3) and 
P192 (4) fingertight as outlined in paragraph 
3-15 to turbopump lower connector panel and 
oxidizer flowmeter to prevent possible preload- 
ing of connectors. 


d. Conmnect elecirical interface receptacle 
J104 (2) to interface panel, ‘Torque mits ta 
70 +5 in-lb. 


e. Install harness support clamp assemblies 
(5) through (10), starting with clamp assembly 
(5) and working toward electrical plugs P130 
and P132, meking sure no excessive strain is 
applied to harness. ‘Tighten harnesa support 
clamp screws sufficiently to prevent harness 
movement within clamp, yet not damage harness. 


ft. YTorqne and safetywire electrical plugs 
P130 (3) and 1132 (4) as outlined in paragraph 
3-15. 
3-45. J106 HARNESS. 
3-46, REMOVING J106 HARNESS, 
3-15.) 


(See figure 


a. Make sure that electrical power source is 
turned off, 


WATNING 


Disconnecting or connecting clectri- 

cal connectors without turning off 

the power source can cause electri- 

cal arcing between connectors, re- 

sulting in serious Injury or death to 

personne] and damage to equipment, 

h, On engines not incorporat.ng MD87 change, 

disconnect electrical interface receptacle J104 
(2) fram interface panel, 


ec. Oa engines incorporating MD87 change, 
disconnect electrical interface receptacle J104 
(2) from Interface panel. 
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Figure 3-14. J104 Harness (Sheet 1 of 2) 
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Index Name and 
No. Attaching Parts Part No. Quantity 


1 J104 harness 704533 1 
2 Electrical inter- 703937-31 1 
face receptacle 
J104 
Bolt RD111-4011-6414 4 
Washer RId153-1002-0004 4 
Washer YU9143-5002-0004 4 
Nui RD114- 8003-1004 4 
3 Electrical plug 502035-131 1 
P130 
Boot 19--$01943-3 | 
4 Electrical plug  502335-91 1 
P1392 
Boat 19-501743-3 1 
5 Clamp assembly 
Clainp HEL27-2004-0012 1 
Clan RE127- 2004-0014 1 
Screw AN520C 10R16 1 
Spacer NAS43DD3- 24 1 
Nut NASSTSC UW ] 
G Clamp assembly 
Clamp RE127-2004-001G 
Clamp RE127-2004-0014 1 
Clamp RE127-2005-0010 1 
Screw AND20C10R14 1 
Nut NASE7TSC3IW 1 
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Figure 3-14, 


d. Disconnect electrical plugs P134 (4), as 
outlined in paragraph 3-14, at turbopuinp upper 
connector panel, P137 (5) at boss on turbine 
manifold, ond P138 (6) at CGTL transducer 
mount bracket located on primary tube and out 
rigger mount shell. 


e. On engines not incorporating MD87 change, 
remove harness support clamp assemblies (7%) 
and (8), and on engines ticorporating MDB't 
change, clainp assemblies (9) and (10). 


f. Remove remaining harneys support clamp 
assemblies (11) through (23), and carefully re- 
move harness (1) from engine. 


gy Install protective dust caps on electrical 
plugs and receptacle. Dust-vap requirements, 
by connector reference designation number, 
are listed in R-3895-4, 
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Index Name and 


Part No. Quantity 


7 Clamp assembly 


Clamp RE127-2004-0007 2 
Clamp RE127- 2004-0012 | 
Clamp RE127-2005-0007 2 
Clamp RE1Z7- 2005-0012 1 
Screw AN520C10R30 1 
Spacer NASS3DD3-40 1 
Nut NASGTIC3IW 1 

8 Clamp assembly 
Clamp NW127-2004-0008 1 
Clamp RE127- 2004-0009 1 
Clamp HE127-2005-0012 
Screw AN520€ 10R 14 1 
Nut NAS679C IW 1 

9 Clamp assembly 
Clamp RE127-2004-0012 1 
Clamp RE(2T-2004-0009 4 
Clamp RE127-2005-0008 1 
Screw ANS20C 10R12 1 
Nut NASO7TIC3IW 1 

10 Clamp agsembly 
Clamp REL27-2001-0045 1 
Clarnp REAT-2004-0012 t 
Clamp RE1L27-2005-0012 2 
Screw AN520C 10R26 i 
Spacer NASA3DD3..48 l 
Washer L)153-0019-0007 1 
Nut NASO7T9IC3W | 


J104 Harness (Sheet 2 of 2) 


hh. For servicing or maintenance, install dust 
vaps fingertight on electrical connectors. Dust- 
cap torque requirements, by connector munber, 
are listed in figure 3-4, 


i. ke harness 19 to be transported to a repair 
area or stored, wray harness with cushioning 
material to prevent possible damage. Wrap 
each individual electrical connector with cush- 
iuning material to prevent daniage to connectors 
or other parts of harness. 


3-47. INSTALLING J106 HARNESS. (See fig- 
wre 3-15.) 


a. Observe harness installation requirements 
outlined in paragraph 3-18, 
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Figure 3-15. J106 Harness (Sheet 1 of §) 
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Figure 3-15, J106 Harness (Sheet 2 of 5) 
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Figure 3-15. Ji06 Harness (Sheet 3 of 5) 


Section 1 


Index 
No. 


10 


Name and 
Attaching Parts 


J106 harness 
Electrical inter- 
face receptacle 
J106 
Cover 
Bolt 
Washer 
Spacer 
Bolt 
Washer 
Washer 
Nut 
Electrical plug 
P134 
Boot 
Electrical plug 
P137 
Boot 
Electrical plug 
P1398 
Boot 
Clamp assembly 
Clamp 
Screw 
Washer 
Nut 
Clamp assembly 
Clamp 
Clamp 
Screw 
Washer 
Washer 
Nut 
Clamp assembly 
Clamp 
Serew 
Washer 
Nut 
Clamp assembly 
Clamp 
Screw 
Washer 
Nut 
Clamp assembly 
Clamp 
Clamp 
Screw 
Washer 
Nut 


R-3896-3 
Volume | 


Part No. Quantity 


704594-11 1 
703937 -41 


ry 


702746 
RD111-4011-6416 
R1153--5062 - 0004 

702747 
RD111-4011-6416 
ND153-1002-0004 
RD153-5002-0004 
RD114-3005-1004 

502936-41 


om 69 OO OF WD ya A ee 


19-501743-2 
502937-631 (a) 


— 


19-501745-3 1 
502937-831 1 


19-501745-3 1 


HE127-2008-0015(b) 4 
AN520C10R12 1 
LD153-0010-0007 1 
NASG79C3W 1 


RE127-.2004-0010(b) 1 
RE127-2005-0008(0) 
AN520C10R 16 
LD153-0010-0007 
LD153-0010-0008 
NAS679C3W 


— 
— 


RE127-2004-0009 
AND20C10R10 
LD153-0010-0007 
NAS6TIC3W 


G3 Go Go OD 


RE127-2004-0009 
AN520C10R10 
LD153-0010-0007 
NAS679C3W 


Pa pk tek feet 


RE127-2004-0009 1 
RE127-2005-0009 1 
AN520C10R10 1 
LD153-0010-0007 = 1 
NAS679C3W 1 


(a) Engines not incorporating MD176 change 
{b) Engines incorporating MD176 change 
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Figure 3-15. J106 Harness (Sheet 4 of 5) 


Index 
No. 


11 


12 


13 


14 


16 


Name and 
Attaching Parts 


Clamp assembly 
Clamp 
Clamp 
Screw 
Washer 
Nut 
Clainp assembly 
Clamp 
Clamp 
Clamp 
Spacer 
Nut 
Clamp assembly 
Clamp 
Clamp 
Screw 
Spacer 
Washer 
Nut 
Clamp assembly 
Clamp 
Clamp 
Screw 
Spacer 
Washer 
Nut 
Clamp assembly 
Clamp 
Clamp 
Serew 
Washer 
Nut 
Clamp assembly 
Clamp 
Screw 
Washer 
Nut 


17) clamp assembly 


Clamp 
Screw 
Washer 


Nut 
18(>)clamp assembly 


Clainp 
Screw 
Washer 
Nut 


— 


Part No. 


RE127-2004-0012 
RE127-2005-0009 
ANS20C10R10 
LD153~0010-0007 
NAS679CSW 


RE127-2004-0009 
RE127-2005-0009 
RD127-7003- 0001 
NAS43DD3-16 
NAS679CIW 


RE127-2004-0009 
RE127-2005-0012 
AN520C10R30 
NAS43DD3-64 
1.D153-0010-6907 
NAS679C3W 


RE127-2004-0009 
REt72-2005-0012 
AN520C10R30 
NAS43DD3-64 
LD153-0010-0007 
NASG79C3W 


RE127-2004-0009 
RE127-2005-0012 
AN520C10R10 
LD153-0010~0007 
NAS679C3W 


RE127-2004-0009 
AN520C1i0R8 
LD153-0010-0007 
NAS679C3W 


RE127-2004-0026 
AN520C10R10 
LD153-0010-0007 
NASOT9C3W 


RE127-2004-0021 
AN520C10R10 
LD153-0010-0007 
NAS6TIC3W 


Quantity 


rt pk eet et pe fn ee on ee  ] pe pt pt ee FO RD tl el oe od — fe et pee 


et ee 


» 


R-3896-3 
Volume I 


Ea A OL mite terre erence 


Index Name and 
No. Attaching Parts Part No. 


Eee omy 


Quantity 


1S Clamp assembly 


Clamp RE127-20%-0012 1 
Clam) RE127-2005-0009 = 1 
Screw AN520C10R16 1 
Spacer NAS43DD3-16 1 
Washer LD153-00710-0007 1 
Nut NAS679C3W 1 
20 Clamp assembly 
Olamyp REi27-2004-0015 = 1 
Clam) RE127-2005-0009 i 
Screw AN520C10R16 1 
Spacer NAS43DD28 -16 1 
Washer LD153~0010-0007 1 
Nut NAS679C3W i 


b. Position harness on engine, routing elec- 
trical plugs to their respective connect points 
at turbopump upper connector panel, turbine 
manifold, and CGT1 transducer mount bracket. 
Check breakout molds for proper location. 


ce. Connect electrical plugs P134 (4) at turbo- 
pump upper cornector panel, P1937 (5) at huss 
on turbine manifold, and P138 (6) at CGT1 trans- 
ducer mount bracket located on primary take and 
outrigger mount shell tingertight as outlined in 
paragraph 3-15 to prevent possible preloading 
of connectors. 


d. On engines not incorporating MD87 change, 
eonnect elertrical interface receptacle J106 (2) 
to inferfave panel. Toryue mits to 7645 in-\b. 


e. On engines incorporating MD87 change, 
connect electrical receptacle 3106 (3) ta inter~ 
face panel. Torque holls that secure cover at 
forward side of panel and nuts that secure 
spacer at act side of vanel to 85 +5 in-lb. 


t. Ingial! narness support clamp assemblies 
(14) thrcugh (23), startirg with clamp assembly 
closest ‘o center of harness and working toward 
receptacle and plugs. Make sure no excessive 
strain is applied to harness. Tighten harness 
support clamp screws sifficjently to prevent 
harness movement within clamp, yet nol dam- 
age narneas. 


g. Torque and cafetywire electrical plugs 
P134 (4), P137 (5), and P138 (6) as outlined in 
paragraph 3-15, 


Figure 3-15. 3106 Harness (Sheet 5 of 5) 


Section Uf 
Paragraphs 3-48 to 3-49 


-~ Se ee 


index Naim and 


No. Attaching Parts Part No. Quantity 


ee Ae Fine Rene eS EE 


21 Cramp assembly 


Clamp RE1L27-2004-0009 1 
Screw AND2Z0CLORE 1 
Washer LD153-0010-0007 1 
Nut NASBTIC3SW 1 
22 Clamp assembly 
Clamp RE127-2001-0043 1 
Clamp REL72-2004.0008 1 
Screw AN520C 10K £0 1 
Washer LD153-0010-0007 1 
Nut NAS67903W J 


3-48. P111 HARNESS. 


3-49, REMOVING P1lil HARNESS. (See figure 
3-16. } 


a. Make sure that electrical power sourre is 
turned off. 


WARNING 


Disconnecting or connecting electri- 
cal connectors without turning off 
the puwer source can cause electri- 
cal arcing between connectors, re- 
sulting in serious injury o2 death to 
personne) and damage to equipment. 


b. To facililate removal of harness, diseon- 
nect primary junction hox support harness sup- 
port bracket (6) from primary/auxiliary junction 
box struts support and allow harness bundie to 
drop free. 


CAUTION 


Before disconnecting electrical plugs 
P119 (6) and F123 (7), the transducers 
must be disronnected or loosened 
from their respective attach bracket 
or adapter pricr to disconnecting the 
harness to prevent damage to the 
harness or transducers, 


c. Disconnect eiectrial plug P111 (2}, as out- 


lined in paragraph 3-14, from primary junction 
box. 
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Section II R-3896-3 
Paragraph 3-50 Volume I 


a. Disconnect electrical plugs P116 (3), 
P117 (4), P118 (5), P119 (6), and P123 (7), as 
outlined in paragraph 3-16, from their respec- 
tive transducers. 


e. Before removing harness support clamp 
assembly (9), note position of clamp assembly 
(2) in velation to its distance from primary 
junction box. 


NOTE 


If the harness is io be replaced, noting 
the location of this clamp assembly 

is important, as it will facilitate the 
reinstallation of the new harness, 


f. Remove harness support clamp assembly 
(9) from harness support bracket (8), and retain 
bracket for reinstallation. 


g. Romove remaining harness support clamp 
assemblies (10) through (28), and carefully re- 
move harness from engine. 


h. Install protective dust caps on electrical 
plugs. Dust-cap requirements, by connector 
reference designation number, are Hsted in 
R-3896-4, 


i. For servicing or maintenance, install dust 
caps fingertight on electrical connectors. Dust- 
cap torque requirements, by connector number, 
are listed in figure 3-4. 


j. Tf harness is to be transported to a repair 
area or stored, wrap harness with cushioning 
muiterial to prevent possihle damage. Wrap 
each individual electrical connector with cush- 
ioning material to prevent damage to connectors 
or other parts of narness. 


3-50. INS'TALLING Pill HARNESS, (See fig- 
ure 3-16.) 


a. Observe harness installation requirements 
outlined in paragraph 3-18. 


lL. Position harness on engine, routing elec- 
trical plugs to their respective connect points 
at primaxy junction bux and transducers. 
Check breakout molds for proper location, 


¢. Connect electrical plug P111 (2) (as out- 
lined in paragraph 3-15) io primary junction box. 
Jorque and safetywire plug. as outlined in par- 
agraph 3-L5, 
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CAUTION 


Before connecting electrical plugs 
P119 (6) and P123 (7) to their respec- 
tive transducers, transducers must 
be disconnected or loosened from 
their respective attach bracket or 
adapter prior to connecting the har- 
ness, to prevent damage to the har- 
ness or transducers. 


d. Connect electrical plugs Pi16 (3), P117 
(4), #118 (5), P119 (6), and P123 (7), as outiined 
in paragraphs 3-15 and 3-17. Torque and safety- 
wire plugs, as outlined in paragraph 3-15. 


e. Cross-torque nuts that secure gas gener- 
ator chamber pressure transducer (P119) and 
thrust chamber combustion chamber pressure 
transducer (P123) to 125 410 in-lb. 


f. Locate harness support clamp assembly (9) 
on harness in relation to its distance from pri- 
mary junction box, a3 noted during removal of 
harness. 


NOTE 


The position of this clamp assembly ig 
important, as its location direcby af- 

fects the correct location of the other 

clamp assemblies. 


g. Install harness support elarnp assembly (9) 
on primary junction box support harness support 
bracket (8), which was removed as part of har- 
ness removal. . Tighten harness support clamp 
screws gufficientiy to prevent harness movement 
within clamp, yet not damage harness. 


h. Connect primary junction box support har- 
ness support bracket (8) to primary/auxiliary 
junction box struts support. Torque nuts to 
125 45 in-th. 


4. Install remaining harness support clamp 
assemblies (1G) through (28), starting with clamp 
assembly closest to center of har’ 3ss and work- 
ing toward Clamp assembly (9) and electrical 
plugs. Make sure no exceasive strain is applied 
to harness. Tighten harness support clamp 
screws suffictently to prevent harness movement 
within clamp, yet not damage harness. 
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Figure 3-16. P111 Harness (Sheet 2 of 3) 
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Name and 


No. Attaching Parts | 


INLET SUPPOR] ~~ \ 
NG & ye 1 P11 harness 
} o 2 


Electrical plug | 
Pili 


Boot 


, 3 Blectrical pivg — 
= PIG 


Harness sup- 
port clamp 

B icket 

Be t 

Washer 
Harness sup- 
port block 
Clamp 

Bolt 

Washer 
Washer 

Nut 


4 Electrical piug 
PUT 


Harnegs sup- 
port clamp 
Bolt 

Washer 
Herness gup- 
port block 
Clamp 

Bolt 

Washer 
Washer 

Nut 


“a a Electrical plug 
P118 


Harness sup- 
port clamp 
Holt 
Washer 
Four- way 
valve 
Control ne 
lovik 
(latup 

Bolt 
Washer 
Washer 

Nut 


t3 
os 6 Electrical plug 


Pi19 


Harness sup- 
port clamp 
Bolt 

Washer 


oe ene a Pe 


—_ ? 


Index 
__.No.  Altaching Parts Part No. Quantity 


1 
2 


Neme and 


Pill harness 
Electrical plug 
PIL 

Boot 
Electrical plug 
P1164 

Harness sup- 

port clamp 

Bicket 

Bet 

Washor 

Harness sup- 

port black 

Clamp 

Bolt 

Washer 

Washer 

Nut 
Electrical plug 
P117 

Harness sup- 

port clamp 

Bolt 

Washer 

Harness sup- 

port block 

Clamp 

Bolt 

Washer 

Washer 

Nut 
Electrical plug 
P1138 

Harness sup- 

port clamp 

Bolt 

Washer 

Four- way 

valve 

Control line 

block 

Clamp 

Bolt 

Washer 

Washer 

Nut 
Electrical plug 
Pi19 

Harness sup- 

pert clamp 

Bolt 

Washer 


704528 
502935-48) 


19-501743-9 
704476 


103002 


M59102- 33 
RD1}1-4008~ 3405 
RD153- 5002-0004 
705001 


RE127~-2001-0030 

RD1i1-4011-6423 

RD153- 1002-0004 

ND153~-5002..0004 

RD114- 8005-1004 
1044 76-21 


703002 


RD11-4008-3405 
RD153- 5002-0004 
703001 


RELZ7- 2002-0010 

R111-4011- 6423 

RIN153- 1002-0004 

RD153.- 6002-0004 

RD114- 8005- 1004 
704476 


703002 


RD1£11- 4008-3405 
RD153- 5002-0004 
703017 


RE127- 2902-0016 
RDU11-4011-6417 
RIM153-~ 1002-0004 
FLW 153-~ 5002-0004 
RD114 - 8005-1004 
§02937-601 


703925 


RD111-4008- 9405 
RD153- 5004-0004 


A008 CR Oe eo eer 


Ae NA wee 
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a ete etter er ate 


Index 
No, Attaching Parts 


Name and 


Harness sup- 
port bloek 
Clamp 

Bolt 

Washer 
Washer 

Nut 


7 Electrical plug 


19 


iy 


12 


13 


Pi23 
Harness sup- 
port clamp 
Bolt 
Washer 
Harness sup- 
port block 
Clainp 
Bolt 
Washer 
Washer 
Nut 
Primary junc- 
fiou box support 
harness sup- 
port bracket 
Bolt 
Washer 
Washer 
Nut 
Clamp assembly 
Clamp 
Clainp 
Screw 
spacer 
Clamp asgeinbly 
Clamp 
Clamp 
Screw 
Nut 
Clamp ussembly 
Clamp 
Screw 
Nut 
Clamp assernbly 
Clarop 
Claimp 
Serew 
Washer 
Nut 
Clamp assetnbly 
Clamp 
Clamp 
Screw 
Washer 
Nut 


Part No. 
703911 


RE127- 2002-0006 

RD111- 4011-6423 

RO153- 1002-0004 

1D153- 5002-0004 

RD114- 8005-1004 
109476 


703002 


RD111- 4008-3405 
R191 53- 5002-0004 
703003 


REIZ7- 2002-0010 

RDIUL-403 14-6425 

RD158- 1002-0004 

RI9153- 5002-0004 

RD114~ 8005-1004 
703902 


RN111-4011-6422 
RD1535 - 1602-0004 
RD153- 5002-0004 
Kt17 4~ 3005- £004 


RE127- 2004-9015 
RE127--2005- 0018 
ANS20C 10R16 
NAS43DD3- 24 


REU27- 2004-0015 
RELZ7-2004-0018 
ANS20C 10R10 
NASETITIW 


REIL27- 2004-0015 
AN520C 10R10 
NWASETIC3Y 


REi27-2004-0016 
REt27-005-0014 
ANS20CIORI2 
LD153-0010-000% 
NASE679C 3W 


RE127-.2604-0012 
REW27-2605-0018 
AN520C 10R12 
1.494 53-0010-0007 
NASGTIC3W 


Quantity 
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a 
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Index 
No. 


15 


i6 


19 


20 


22 


Name and 
Attaching Parts 


Clamp assembly 
Clamp 
Clamp 
screw 
Washer 
Nut 

Clamp assembly 
Clamp 
Clamp 
Clamp 
Screw 
Nut 

Clamp assembly 
Clamp 
Clamp 
Screw 
Nut 

Clamp assembly 
Clamp 
Clamp 
Screw 
Washer 
Nu 

Clamp assembly 
Clamp 
serew 
Spacer 
Washer 
Nut 

Clamp assembly 
Clamp 
Clamp 
Screw 
Spacer 
Washer 
Nut 

Clamp assembly 
Clamp 
Clamp 
Screw 
Spacer 
Washer 
Nut 

Clamp assembly 
Clamp 
Screw 
Nut 

Clamp assembly 
Clamp 
Clamp 
Screw 
Washer 
Nut 


s ctsenateinintie ean adiicmambaneanenenee 


(¥ 
NASETICS 


RE127- 20} 
RE127- 208 
RE127- 204 
AN520C 1G 


RB127- 206 
RE127-20 


RE127- 204 
AN520C 10 
NAS#3ND ¥ 
10153-004 
NAS679C39 


REL 208 
RE127- 204 
AN520C 10 
NAS43DD 3 
$.D153-Cus 
NASOTIC3E 


BE127-29¢ 
REI27~20¢ 
AN520C 10 
NAS48DD3 
LD153- 00% 
NAS67EC 34 


R¥127-20 
AN520C 109 
NAS679C 34 


REL27- 20 


' 


LD153-001 
NAS678C3 
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Section III 


a ae, 


Name and 


Indéx ame and 


No. Attaching Parts Part No. 


Index 
Quantit 


eam ee awe 


1 53- 1002-0004 
B53- 5002-0004 
5 14- 8005-1004 
76 


102 


A 11-4008-2405 
M53. 5002-0004 
ey 


B 27- 2002-0010 
#11 -4011-6425 
A 53- 1002-0004 
53- 5002-0004 
fi4~8005- 1004 
Ay) 


B11-4011-6422 
# 53-1002- 0004 
a 53-5002-0004 
9 14- 8005-3004 


827-004-0015 
A 2%-~2005-0018 
P20C10OR1E 
p13DD3- 24 


Bat 2004-0015 
& 27-- 2004-0018 
p20C LOR 
BGTOC SW 


B27- 2004-0015 
b20C 10R10 
pO TICSW 


127-2004. 0016 
£2.7-2005-0014 
B20C 10R12 
#53--0010- 0007 
F679C3W 


27~2904-0012 
27-2005- 0018 
p20C10R12 

53- 0010-0007 
POTEC IW 


4 DODD te fo et 


=m 


ee ed 


No. Attaching Parts Part No. Quantity 

14 Clamp assembly 
Clamp RE127-2004-0012 1 
comp RITE OO 
Washer Piisso010-0007 4 
Nut NAS6TIC3IW 1 

15 Clamp assembly 
Clarap RE127-2004-0012 1 
Clamp RE127-2064-0014 1 
Clamp RE127-2005-0009 1 
Screw AN5S20C TOR12 1 
Nut NASST9C SW 1 

i6 Clamp assembly 
Clamp RE127-2004-0012 1 
Clamp RE127-~2004-0015 1 
Screw AN520C LOR12 1 
Nut NASOTEC BW 1 

17) Clamp assembly 
Clamp RE1L2Z7-2004-0012 ft 
Clamp RE127-2005-6014 14 
Screw AN520C 10R10 1 
Washer LD163- 0010-0007 1 
Nut NASOTSC3W 1 

18 Clamp assembly 
Clainp RH127- 2004-0014 t 
Screw ANDS20C10R20 1 
Spacer NAS43D3- 48 1 
Washer LD153-0010-0007 1 
Nut NASST9IC SW j 

120 Clamp assembly 
Clamp Re127- 2004-9015 2 
Clamp REL27-20065-0009 1 
screw AN520C 10R16 1 
Spacer NAS43DD3- 16 1 
Washer L.19153-0910.-0007 1 
Nut NAS679C 3W 1 

20 Clamp assembly 
Clamp RELAT-2004-0012 1 
Clamp RH12Y-2005-0009 1 
Screw AN520C 10H16 1 
Spacer NAS43DD3-18 i 
Washer LD153-0010-0007 3 
Nut NAS6TIC SW | 

24 Clamp assembly 
Clamp NH127- 2004-0012 2 
Screw AN520C LOR 12 i 
Nut NASGTIC BW 1 

22 Clamp assembly 
Clamp RE127- 2004-0009 1 
Clamp RE127-2005-0012 1 
Screw AN520C0 10R 19 1 
Washer 1.D153-0010-0007 1 
Nut NASBT9C3W 1 


iat, Sec Rene een eee 


Figure 3-16, 


23 


a4 


28 


27 


28 


Clamp assembly 
Clamp 
Clamp 
Screw 
opacer 
Washer 
Nut 
Clamp assembly 
Clamp 
Clamp 
Screw 
Spacer 
Washer 
Nut 
Clamp assembly 
Ciamp 
Clainp 
Spacer 
Nut 
Clamp assembly 
Clamp 
Clamp 
Screw 
Washer 
Nut 
Clamp assembly 
Clamp 
Serew 
Washer 
Nut 
Clamp assembly 
Clamp 
Screw 
Spacer 
Washer 
Nut 


RE27- 2004-0009 
RUST. 2005-0012 
ANS20C10R20 
NAS43DD2- 64 
LD153-0010-0007 
NASSTICIW 


R#127-2004-0009 
REL27-2005- 0012 
AN520C10R30 
NAS43ND3- 64 
LD153-0010-0007 
NASETIC IW 


REL27T~ 2004-0012 
RIL27- 7003-0004 
NASAIDDS- 16 
HASSTIC SW 


RE127-2004--0012 
REL27~2005-0009 
AN520C 10R19 
LD) 53- 0010-0007 
NAS679C 3W 


RE127- 2004-0012 
ANS20C10R 10 
LD153- 0010-0007 
NASGTEC3W 


REJ27-2004-0012 
AN520€030R20 
NAS4S3D193- 40 
LD 153-00 10-0007 
NASBTICIW 


— kt ee eS a — i te DD yeh pet eA ee A OD 


—_ et ee 


ere ket IE AR rat tn LAM Pan Ae Pat SPP ll ERAS SO A ARS 


P111 Harness (8heet 3 of 3) 


3-71 


Section Hi 
Paragraphs 3-51 to 3-53 


3-51. P112 HARNESS 


3-52. REMOVING P112 HARNESS, (See 
figure 3-17.) 


a. Make sure that electrical power source 
is turned off. 


WARNING 


Disconnecting or connecting clectri- 
cal connectors without turning off the 
power source can cause electrical 
arcing between connectors, resulting 
in serious injury or death to person- 
nel and damage to equipment. 


b. To facilitate removal of harness, discon- 
nect primary junction box support harness sup- 
port bracket (6) from primary/auxiliary junction 
hox struts support and allow harness bundle to 
drop free 


c. Disconnect electrical plug P112 (2) as 
outlined in paragraph 3-14 from primary junc- 
tion box. 


d. Disconnect electrical plugs P120 (3), 
P121 (4), and P122 (5) as outlined in paragraph 
3-16 from their respective transducers. 


e. Before removing harness support clarop 
assembly (7), note position of clamp assembly 
(7) in relation to its distarce from primory 
junction box, 


NOTE 


If the harness is to be veplaced, noting 
the location of this clamp assembly is 
important, as it will facilitate the re- 
installation of the new harness. 


f. Remove harness support clamp assembly 
(7) from harness support bracket (6), and re- 
tain bracket for reinstallation, 


g. Remove remaining harness support clamp 
assemblies (8) through (23) and carefully re- 
move harness from engine. 


h. Install protective dust caps on electrical 
plugs. Dust-cap requirements, by connector 
reference designation number, ace listed in 
R-3896-4, 


R- 3896-3 
Volume I 


i. For servicing or maintenance, install dust 
caps fingertight on elecLrical connectors, Dust- 
cap requirements, by connector number, are 
listed in figure 3-4. 


j. U harness is to be transported to a repair 
area or is to be stored, wrap harness with 
cushioning material to prevent possible damage, 
Wrap each individual electrical connector with 
cushioning material to prevent damage to con- 
nectors or other parts of harness. 


3-53, INSTALLING Pil2 HARNESS. (See 
figure 3-17.) 


a. Observe harness installation requirements 
outlined in paragraph 3-18, 


b. Position harness on engine, routing elec- 
irical plugs to their respective connect points 
at primary junction bus and transducers. Check 
breakout molds for proper Jocation, 


¢, Connect electrical plug P112 (2) to 
primary junction box fingerlight as outlined in 
paragraph 3-15. 


d. Connect electrical plugs P120 (3), P121 
(4), and P112 (5) Sngertight as outlined in para 
graphs 3-15 and 3-17 to their respective trans- 
ducers, 


e, Locate harness support clamp assembly 
(7) on harness in relation to its distance from 
primary function box, as noted during removal 
of harness 


NOTE 


The position of this clamp assembly 
16 important, as its location directly 
affects the correct location of the 
other clamp assemblies. 


f. s.ctall harness support clam» asserably 
(7) on primary Junction box support harness 
support bracket (6) that was removed as part of 
harness removal. Tighten harness support 
clamp screw sufficiently to prevent harness 
movement within clanip and yet not dumage 
harness, 


g. Connect primary junction box support har- 
ness support bracket (6) to primary/auxiliary 
junction box struts suppor... Torque nuts to 
125 45 in-lb, 
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Figure 3-17. P112 Harness (Sheet 2 of 4) 
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Index Name and Index 
No._Attaching Parts _Part No._ _@Quantity | _No. 
i Pll2Z harness 704526 1 7 
2 Electrical plue 502935-42j 1 
Pla 
Boot 19-501743-8 1 
38 Electrical plug 704476 1 
P120 
Harness sup- 703002 1 
port clamp 
Bolt RD1I11-4008-3405 2 
Washer RD153-5002-0004 2 
Harness sup- 703001 1 
port block 9 
Clamp RE127-2001-0010 1 
Bolt RD111-4011-6423 2 
Washe2 RD153-1002-0004 2 
Washer RD153~-5002-0004 2 
Nut RD114- 8005-1004 2 
4 Electrical plug 104476 t 10 
Ptat 
Harness sup- 703002 i 
port clamp 
Bolt RD111-4008-3405 2 
Washer RD153-- 5002-0004 2 
Harnesstrans- 704503 1 il 
ducer support 
Clamp RE127-2002-0010 1 
Bolt RD111-4009-0614 2 
Washer RD153-1002-0006 2 
Washer RD153-5002-0006 2 
Nut RD114-8005-1006 2 12 
5 lectrical plug 704476 1 
Pi22 
Harness sup- 703002 1 
port clamp 
Clamp RE1?77-2002-0010 { 13 
Bolt RD111-4008-3405 2 
Washer RD153- 5002-0004 2 
Harness sup- 708001 j 
port block : 
Bolt RD111-4011-6423 2 
Washer RD153- 1002-0004 2 14 
Washer RD153- 5002-0004 2 
Nut RD114-8005-1004 2 
6 Primary 703902 1 
junction 
box support 15 
harness sup- 
port bracket 
Bolt RD111-4011-6422 2 
Washer RD153-1002-0004 2 
Washer RD153-6002-0094 2 
Nut RD114-8005-1004 2 


Rr 


Figure 3-17, 


ee ae 


Name and 
Attaching Parts 


Clamp assembly 
Clamp 
Clamp 
Screw 
Spacer 
Clamp assembly 
Clamp 
Clamp 
Screw 
Washer 
Nut 
Clamp assembly 
Clamp 
Clamp 
Screw 
Washer 
Nut 
Clamp assembly 
Clamp 
Clamp 
Screw 
Washer 
Nut 
Clamp assembly 
Clamp 
Clamp 
Screw 
Washer 
Nut 
Ciamp assembly 
Clamp 
Clamp 
Screw 
Nut 
Clamp assembly 
Clamp 
Clamp 
Screw 
Washer 
Nut 
Clamp assembly 
Clamp 
Screw 
Washer 
Nut 
Clamp assembly 
Clamp 
Clamp 
Clamp 
Screw 


Washer 
Nut 


P112 Harness (Sheet 3 of 4) 


Section Ti 


Part No. 


RE127- 2004-0015 
RE127- 2005-0018 
AN520C10R16 
NAS43DD3- 24° 


RE127- 2004-0017 
RE127- 2005-0015 
AN520C10R12 
LD153-0010-0007 
NAS67SC3W 


RE127- 2004-0018 
RE127-2005-0015 
ANS20C10R10 
1,D153-0010-0007 
NAS679C3W 


RE1L27- 2004-0016 
RE127- 2005-0017 
ANDSZ0C1OR12 
LD153- 0010-0007 
NASETICIW 


RE1L27- 2004-0016 
RE127- 2005-0013 
AN520C10R12 
LD153- 0010-0007 
NAS679C3W 


R127- 2004-0012 
RE127-2004-0013 
AN520C10R10 
NASO7TSC3W 


RE127-2004.0015 
RE127- 2005-0012 
AN520C10R10 
LD153-0010- 0007 
NASE679C3W 


RE127-2004-0052 
AN520C10OR12 
LD153-0010-0007 
NAS6TEC3W 


RE127- 2001-0045 
R7127-2004-0015 
RE127-2005-0011 
AN520C10R12 
1L0153~-0010-0007 
NAS679C3W 


Quantity 
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Section Ii] 
Paragraphs 3-54 to 3-55 


Oa Se A PP 


Index Name and 


No. Attaching Parts Part No. Quantity 


16 Clump assembly 


Clamp RE127-2001-0045 1 
Clamp RE127-2U04-0012 1 
Clamp RE127-2005-0012 J 
Screw AN520C10R12 1 
Washer LD153-0610-0007 1 
Nut NASB7T9CAW | 
17 Clamp assembly 
Clamp RE127-2001-0045 1 
Clamp RE127-2004-0012 1 
Clamp RE127-2005-0012 2 
Screw AN520C10R26 1 
Spacer NAS43DD3-48 1 
Washer LD1i53-0010-0007 1 
Nut NAS679CIW 1 
18 Clamp assembly 
Clamp RH127-2001-0045 1 
Clamp RE127-2004-0012 1 
Screw AN520C 10R10 1 
Washer LD153-0610-0007 1 
Nut NASOTIC3W 1 
19 Clamp assembly 
Clamp RE127-2004-0012 1 
Screw AN520C10R10 1 
Washer LD153-0010-0007 1 
Nut NAS6TIC3IW i 


Oo 


h. Install remaining harness support clamp 
assemblies (8) through (23), starting with clamp 
assembly closest ta center of harness and 


working toward junction box and electrical plugs. 


Make sure no excessive strain is applied tohar- 
ness. Tighten harness support clamp screws 
sufficiently to prevent harness movement within 
clamp and yet not damage harness, 


i. Torque and safetywire electrical plugs 
Pt12 (2), P120 (3), P121 (4), and Piae (5) as 
outlined in paragraph 3~15. 


3-54. P113 HARNESS, 


3-55. REMOVING P113 HARNESS, (See 
figure 3-18, ) 


a. Make sure that electrical power source 
is turned off. 


WARNING 
Disconnecting or connecting electri- 
cal connectors without turning off the 
power suurce can cause electrical 
arcing between comectors, resulting 
in serious injury or death to person- 
nel and darnage to equipment. 
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R-3896+3 
Volume I 


Index 


Name and 
No. Attaching Parts Part No. Quantity 


Clamp assembly 


Clamp RH127-2004-0012 = 1 
Serew AN520C 1LOR10 1 
Washer LD163-9010-0007 4 
Nut NAS679C3W 1 
21 Clamp assembly 
Clamp RE2T-2004-0011 2 
Screw AN520C10R10 1 
Nut NAS6T9C3W 1 
22 Clamp assembly 
Clamp RE127-2004-0011 = 1 
Clamp RE127-2004-0012 1 
Screw ANS520C1i0R16 1 
Nut NAS679C3W 1 
2d Clamp assembly 
Clamp RE127-2001-c008 1 
Clamp RE127-2004-0012 1 
Screw AN520C10R10 1 
Nut NAS6T9CIW 1 
Washer L.1153-0010-0007 1 


Figure 3-17. P112 Harness (Sheet 4 of 4) 


b. To facilitate removal of harness, discon- 
nect primary junction box support harness sup- 
port bracket (6)from primary/auxiliary junction 
box struts support and allow harness bundle to 
drop free. 


c. Disconnect electrical plug P113 (2), as 
outlined in paragraph 3-14, from primary 
junction box. 


d. Disconnect electrical plugs P53 (3), P70 
(4), and P76 (5), as outlined in paragraph 3-14, 
from gas generator, No. 1 oxidizer valve, and 
No. 1 fuel valve. 


e. Before removing harness support clamp 
assembly (7), note position of clamp assembly 
(7) in relation to its distance from primary 
junction box. 


NOTE 
If the harness is to be replaced, not- 
ing the location of this clamp assem- 


bly is important, as it will facilitate 
the reinstallation of the new harness. 


R-3896-3 
Volume J 


f. Remove harness support clamp assembly 
(7) from harness swpport bracket (6), and re- 
tain bracket for reinstallation, 


g. Remove remaining harness support 
clamp assemblies (8) through (21), and care- 
fully remove harness from engine, 


h, Install protective dust caps on electrical 
plugs. Dust-cap requirements, by connector 
reference designation number, are listed in 
R-3896-4. 


i. For servicing or maintenance, install 
dust caps fingertight on electrical connectors. 
Dust-~cap requirements, by connector number, 
are listed in figure 3-4. 


j. If harness is to be transported to a re- 
pair area or is to be stored, wrap harness with 


cushioning material to prevent possible damuge. 


Wrap each individual electrical connector with 
cushioning material to prevent damage to con- 
nectors or other parts of harness. 


3-56. INSTALLING P113 HARNESS, (See 
figure 3-18.) 


a. Observe harness installation require- 
ments outlined in paragraph 3-18. 


b. Position harness on engine, routing 
electrical plugs to their respective connect 
points at primary junction box, gas gencrator, 
No. 1 oxidizer valve, and No. 1 fuel valve. 
Check breakout molds for proper location. 


c. Connect electrical plug P113 (2) to 
primary junclion box fingertight as outlined 
in paragraph 3-15, 


d. Connect electrical plugs P53 (3), P70 (4), 
and P76 (5) fingertight as oullined in paragraph 
3-15 to gas generator, No. 1 oxidizer valve, 
and No. 1 fuel valve. 


Section It 
Paragraph 3-56 


e. Locate harness support clamp assembly 
(7) on harness in relation to its distunce from 
primary junction box, as noted during removal 
of harness. 


NOTE 


The position of this clamp assembly 
is important, as its location directly 
affects the correct location of the 
other clamp assemblies. 


f, Install harness support clamp assembly 
(7) on primary junction box support harness 
support bracket (6) which was removed as part 
of harness re:noval. Tighten harness support 
clamp screw sulficiently to prevent harness 
movement within clamp and yet not damage 
harness, 


g. Connect primary junction box support 
harness support bracket (6) to primary/ 
auxiliary junction box struts support. Torque 
nuts to 125 45 in-Ib. 


h, Install remaining harness support clamp 
assemblies (8) through (21), starting with 
clamp assembly closest to center of harness 
and working toward junction hox and electrical 
plugs. Make sure no excessive strain is ap- 
plied to harness. ‘Tighten harness support 
clamp screws sufficiently to prevent harness 
movement within clamp and yet not damage 
harness. 


i. Torque and safetywire clectrical plugs 
P113 (2), P53 (3), P70 (4), and P76 (5) as 
outlined in paragraph 3-15. 
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Figure 3-18. P113 Harness (Sheet 1 of 3) 
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Figure 3-18. P113 Harness (Sheet 2 of 3) 
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Section HW R-3896-3 
Volume I : 
Index Name and Index Name and 
No. Attaching Parts Part No. Quantity Mo. Attaching Parts 
1 PLI3 Larness 704531 1 13. Clamp assembly 
2 Electricalplug 502936-341 i Clarap 
P1132 Clamp 
Boot 19-501743-7 1 Screw 
3. Electricalplug 502837-91 1 Nut 
P53 14. Clamp assembly 
Boot 19-501745-3 i Clamp 
4 Electricalplug 6502935-171 1 Screw 
P70 Washer 
Hoot 19-501743-4 1 Nut 
5 Electricalplug 502937-171 I 15 Clamp assembly 
P76 Clamp 
Boot 19-501745-4 i Clamp 
6 Primary junc- 703902 Screw 
tion box sup- Washer 
port harness Nut 
support bracket 16 Clamp assembly 
Bolt RD111-4011-6422 2 Clamp 
Washer RD153-1002-0004 2 Clamp 
Washer RjI153~5002-0004 2 Screw 
Nut RD114-8005-1004 2 Spacer 
7 Clampassembly Washer 
Clamp RE127-2004-0015 1 Nut 
Clamp RE127-2005-0016 1 17 =©Clamp assembly 
Screw AN520C10R16 } Clamp 
8 Clamp assembly Screw 
Clamp RE127-2004-0015 2 Washer 
Screw ANS20C LOR 1 Nut 
Nut NAS679C3W 1 12 «Clamp asseinbly 
9 Clampassembly Clamp 
Clamp RE127-2004-0009 1 acrew 
Clamp RE147-2005-0015 1 Washer 
Serew ANS20C10R10 1 Nut 
Washer LD153-0010-9007 1 19 Clamp assembly 
Nut NAS679C3W 1 Clamp 
19) )=6<Clampassembly Screw 
Clamp RE127-2004-0016 1 Washer 
Clamp RE127-2005-0014 1 Nut 
Screw AN520C10R12 1 20 8 §©Clamp assembly 
Washer LD153-0010-0007 = 1 Clamp 
Nut NAS6TOC3IW 1 Screw 
li Clampassembly Washer 
Clamp RE12Z7-2004-0012 1 Nut 
Clamp RE127-2005-0018 1 21 Clamp assembly 
Screw AN520C1OR12 1 Clar-» 
Washer LD153-0010-0007 1 Clamp 
Nut NAS67T9T3W 1 Screw 
12 Clampassembly . Spacer 
Clamp RE\27-2004-0012 14 Washer 
Clamp RE127-2004-0014 = 1 Nut 
Clamp RE127-2005-0009 tf 
Screw ANS20C10R12 1 
Nut _NAS67T9C3W _ I 
Figure 3-18. F113 Hatness (Sheet 3 of 3) 
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3-57. Pil4 HARNESS, 


3-58. REMOVING P114 HARNESS. (See 
figure 3-19.) 


a. Make sure that electrical power source 
is turned off. 


WARNING 


Disconnecting or connecting electri- 
cal connectors without turning off the 
power source can cause electrical 
arcing between connectors, resulting 
in serious injury or death to person- 
nel and damage to equipment. 


b. To facilitate removal of harness, discon- 
nect primary junction box support harness cup- 
port bracket (6) from primary/auxiliary junction 
box struts support and allow harness bundle to 
drop free, 


c. Diseonnect electrical plug P114 (2), as 
outlined in paragrapi 3-14, from primary 
junction box, 


d. Disconnect electrical plugs P71 (3), and 
P77? (4), as outlined in paragraph 3-14, from 
No. 2 oxidizer valve and No. 2 fuel valve. 


e. Disconnect electrical receptacle J128 (5) 
from thrust chamber mount bracket. 


f. Before removing harness support clamp 
assembly (7), note position of clamp assembly 
(7) in relation to its distance from primary 
junction box. 


NOTE 


If the harness is to be replaced, noting 
the location of this clamp assembly is 
important, as it will facilitate the re- 
installation of the new harness. 


g. Remove harness support clamp assembly 
(7) from harness suppurt bracket (6), and re- 
tain bracket for reinstallation. 


h. Remove remaining harness support clamp 
assemblies (8) through (18), and carefully re- 
move harness from engine. 


i. Install protective dust caps on electrical 
plugs. Dust-cap requivements, by connector 
reference designation number, are listed in 
R-3896 -4, 

j. For servicing or maintenance, install 
dust caps fingertight on electrical connectors. 
Dust-cap requirements, by connector numbez, 
are listed in figure 3-4, 


k. If harness wu. fo be transported to a reptir 
area or stored, wrap warness with cushioning 


Section II 
Paragraphs 3-57 to 3-59 


material to prevent possible damage. Wrap 
each individual electrical connector with cush- 
ioning material to prevent Camage to connectors 
or other parts of harness. 
3-59, INSTALLING Piil4 HARNESS, (See 
figure 3-19.) 

a. Observe harness installation requirements 
outlined in paragraph 3-18. 


b. Position harness on engine, routing elec- 
trical plugs and receplacie to their respective 
connect points at primary junction box, No. 2 
oxidizer valve, No. 2 fuel valve, and thrust 
chamber mount bracket. Check breakout molds 
for proper location, 

e. Connect clectrical plug P114 (2)to primary 
junction box fingertight as outlined in paragraph 
3-15. 


d, Connect clectrical plugs P71 (3)and P77 
(4)fingertight, as outlined in paragraph 3-15, to 
No. 2 oxidizer valve and No. 2 fuel vaive, 


e. Connect electrical receptacle J128 (5) to 
thrust chamber mount bracket, Torque nuts to 
10-32 in-lb. 


{. Locate harness support clamp assembly 
(7) on harness in relation to its distance from 
primary junction box, as noted during removal 
of harness. 

NOTE 
The position of clamp assembly (7) 
is important, since its location di- 


rectly affects the correct location 
of the other clamp assemblies. 


g. Instajl harness support clamp assembly 
(Won primary junction box support harness sup- 
port bracket (6) that was removed as part of har- 
ness removal, Tighten harness support clamp 
screw sufficiently to prevent harness movement 
within clamp and yet not damage harness. 


h. Connect primary junction box support har- 
ness support bracket (6)to primary/auxiliary 
junction box struts support. Torque nuts to 
125 45 in-Ib, 

i. Install remaining Lurness support clanip 
assemblies (8) throug (18). starting with clump 
asscirbly closest to center of harness and work- 
ing toward junction box and electrical plugs 
Make sure no excessive strain is apglied to har- 
ness, Tighten harness support clamp screws 
sufficiently to prevent harness movement within 
clamp and yet not damage harness. 


j. Torque and safetywire electrical) plugs 
P114 (2), P71 (3), and P77 (4) as outlined in 
paragraph 3-15. 
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Figure 3-39, #1174 Harness (Sheet 1 of 3) 
3-89 Change No, 3 - 18 June 1970 
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Figure 3-19. Pil4 Harness (Sheet 2 of 3) 


Section HI R-3896-3 
Volume I 
Index Name aiul Index Name and 
No. Attaching P; Parts Fart No. Quantity No. Attaching Parts Part No. Quanlity 
1 Pi14 harness 704532 1 12 = Clarnn assembly 
2 Electricalplug 502935-801 1 Clamp RE127-2004-0015 1 
P114 Clamp REJ27-2005-0012 1 
Boot 19--501743-6 1 Screw AN520C10R10 1 
3 Electrical plug 502985..171 1 Washer LD153-0010-0007 4 
P71 Nut NAS679C3W 1 
Ksoot 19-501743-4 1 13. Clamp assembly 
4 Electricalplug 502935-171 t Clamp RE127-2004-0011 1 
P77 Clamp RE127-2004-0013 1 
Boot 19-501743-4 1 Screw AN 520C 10R22 1 
5 Electrical re- 502936-41 1 Spacer NAS43DD8- 40 1 
ceptacle J128 Nut NAS6T9C3W 1 
Boot 19-501743-12 1 14. Clamp assembly 
Screw AN515C4R7 4 Clamp REU2Z7-2004-0913 1 
Washer 1,5153-0010-0001 4 Screw AN520C10R10 1 
Nut NAS879CO4W 4 Washer LD153-0010-0007 4 
6 Primaryjune- 703902 1 Nut NAS679C3W 1 
tion box sup- 15 Clamp assembly 
port harness Clamp RE127-2004-0013 1 
support bracket Screw AN520C7 URL 1 
Bolt RD111-4011-6422 2 Washer LD153. 2010-0007 1 
Washer RD153-1002-0004 2 Nut NASS7T9C 3W 1 
Washer RD153-5002-0004 2 16 «Clamp assembly 
Nut RD114-8005-1004 2 Clamp RE127-2004-0011 2 
q Clamp assenbly Screw AN520C LOR10 1 
Clamp RE127-2004-0015 1 Washer LD153-0010-0007 1 
Clamp RE127-2005-0016 1 Nut NAS679C3W I 
Screw AN520C1ORI6 i 17 Clamp assembly 
8 Clamp assembiy Clamp REI27-2004- 00114, yi 
Clamp RE127-2004-0017 1 Clamp RE127-2001- -op92 4 
Clamp RE127-2605-0015 1 Screw AN520C 10R 1044 1 
Screw ANS520C10R12 1 Screw AN520C10R1 off 1 
Washer 1.D153-0010-0007 1 Spacer NAS43DD3- 246 1 
Nut NAS679C3W i Washer LD153-0010-0007 1 
9 Clampassembly Nut NAS679C 3W 1 
Clamp RE127-2004-0018 1 18 =Clamp assen:bly 
Ciamp RE127-2005-0015 Clamp Ris127-2001-0006 1 
Screw ANS520CI10OR10 1 Clamp RE127- 2004-0011 1 
Washer LD153-0010-0007 1 Screw AN520C10R16 I 
Nut NAS67I9C3W 1 Spacer NAS43DD3- 24 1 
10 Clampassembly Washer .0153-0010-0007 1 
Clamp RE127-2004-0016 i Nut NAS679C3W 1 
Ciamp RE127-2005-0017 1 i9 Clamp assembiy 
Screw AN52Z0CI0R12 } Clamp ade} B004- 0011) 1 
Washer LPD153-0010-0007 1 Clamp RE127-- 2001-0902“ } | 
Nut NAS67T9C3V 1 Screw AN520C10R8(a 1! 
11. Clampassembly Screw ANS20C10Ri6(b) = 4 
Clamp REI27-2004-0016 4 Spacer NAS43pD3-24(b) 
Clamp REI27-2605-0013 1 Washer LD153-0010-0007 1 
Screw AN520C10R12 1 Nut NASE7TIC3W 1 
Washer LI163-0010-0007 1 
Nut NASGTICIW 1 


Engines ne nol in porating MO MDN162 or MD163 change 
Ab) Engines incurporating 1 1162 OF OF “MD 163 “change 
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Figure 3-19. P114 Harness (Sheet 3 of 3) 
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§3-60. QUICK-DISCONNECTS AND ADAPTERS. 


3-81, This procedure contains instructions for 

J installing quick-disconnects and adapters, 
Figure 3~20 shows the various quick-disconnect 
installations for buth the flanged and threaded 

§ type of quick-disconnects and adapters, Loca- 
tion, type, lubricant, seal data, and torque 
requirements for quick-disconnects are listed 
in figure 3-21, The lubricant used in this pra-, 
cedure is lubricant grease RBO140-012 


ADAPTER 


MOUNTING ROSS 
GASKET Sk 


THREADED 
ADAVTER 


GASKET ——~., 


PLANGED TYPE QUICK DISCONNLCT INSTALLED 
DIRECTLY ON MOUNTING BOSS OR WITH FLANGED 


|< 
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(Rocketdyne). Specitied lubricaling procedures 
(methods) ave outlined in section I, 


3-62. INSTALLING FLANGE D- TYPE QUICK- 
DISCONNECTS AND ADAPTERS. (See figure ff 
3-20.) 


a. For quick-disconnects installed with a § 
flanged adapter, install adapter with seal plates. 
Torque attach bolts to applicable torque value, 
and safetywire. Torque requirements for 
adapter aitach bolts are hsted in figure 3-21, 
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Figure 3-20, Quick-Disconnects and Adaptexs 
Change No, 5 - 8 March 1971 3-85 


GB-E 


a ee 
Quick- Disconnect 
Fart Number Seal Quick- Disconnect 
Location NA5- 260079- Type Seals Lubrication Adapter Torque Body Torque Cap Torque @) 
eel a eS 
No. 1 and -T3 Flanged O-ring {b) Fianged-type Torque attach 70-75 ft-ib 
No. 2 fuel in- RD2Z62- 4006-0121 adapter. Torque bolts to 40-50 
let elbow Hetainer attach bolts to in-1b. 
drains MS 28774- 023 40-50 in-!b. 
No. I and -T2 Flanged O-ring (b) Torqte attach 30-40 ft-lb 
No. 2 fuel RD262-4096-0018 bolts to 43 +3 
high-pressure Retainer in-ib. 
duct drains MS28774- 018 
No. Land -Ti Threaded Gasket (b) Flanged-type 135 +15 in-tp?! 30-40 ft-lb 
No. 2 fue! RD262- 3001-0006 adapter. Torque 
manifold inlet O-ring attach polis to 
drains ROD262-4006-0121 75 +5 in-Ib. 
Retainer 
MS28774-121 
No. i and -T7 Flanged O-ring fb) Torque attach 30-4C ft-ib 
No. 2 RD262-4006-0018 bolts to $5.2 
fuel valve Retainer in-ib. 
purge MS28774-018 
Bearing coolant -TE Flanged O-ring {b) Torque attach 30-40 ft-ib 
control valve RD262-4006-Co27 bolts to 40-50 
preservative Retainer in-Ib. 
inlet MS28774-018 
Engine control -T2 Finrged O-ring (o} Torque attach 30-40 ft-ib 
valve supply R? 262-4906-0018 bolts to 80 +5 
tube drain Retainer in- tb. 
MS 28774-0198 
Checkout valve -T2 Flanged O-ring (b} Toraue attach 30-40 ft-lb 
engine return RD262-4006-0018 bolts te 45 <5 
hose drain Retainer in-tkb. 


MS28774-018 


(a} When removing or installing quick-d:sconnect cap, quick-disconnect body must not be allowed to turn. 
(>) Use libricant crease RBO140-012 (Rocketdyne) on seals and/or threads. 


Figure 3-21. Requirements for Installing Quick-Disconnects (Sheet 1 of 2) 
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Quick-Disconnect 


Part Number Seal Quick- Disconnect (a) 
Location NA5-250079- Type Seals Lubrication Adapter Torque Body Torque Cap Torque 

<a i eee 
Actuator re- ~-T2 Flanged O-ring (b) Torque attach 30-40 ft-Ib 
turn line RD262- 4006-0012 bolts to 45 +5 
drain Retainer in- ib. 

MS28774-018 
Hypergol -T4 Flanged O-ring ib) Torque attach 36-46 ft-Ib 
manifold RD262-4006- 0012 bolts io 27-33 
drain Retainer _ in-ib. 

MS28774-012 
Hyvergsl -T7 Fianged O-ring (b) Torque attach 30-40 ft-lb 
manifold RD262-4006-0018 bolts to 72-88 
purge Retainer in-th, 

MS28774- 018 
Ignition -T2 Flanged Q-ring (b} Torque attach 30-40 ft-Ib 
monitor RDB262- 4006-0018 bolts to 75 +5 
valve drain Retainer in- lb. 

MS28774-018 
Gas genera- 3099206 Threaded Gasket (b) 220 +10 in-tb 220 220 in-lb 220 +10 in- 
tor bali valve RD262- 3001-0004 lb 
fuel drain Gasket 


RD262-3001-0906 


(a) When removing or instailing quick-disconnect cap, quick-disconnect body must not be allowed to turn. 
(bo) Use lubricant grease RBO140-012 (Rocketdyne) on seals and/or threads. 


Figure 3-21. Requirements for Installing Quick-Disconnects (Sheet 2 of 3} 


J awnos 
£-988E~-U 


lif Wopag 


Section UI 
Paragraphs 3-63 to 3-66 


b, Lubricate (Method J } quick-disconnect 
O-ring and install quick-disconnect body with 
O-ring and retainers to mounting boss or 
flanged adapter. Torque attach bolts to appli- 
cable torque value, and safetywire. ‘Torque 
requirements for quick-disconnect attach bolts 
are listed in figure 3-21. 


c. Install cap on quick-disconnect body and 
torque to applicable torque value. Torque re- 
quirements for quick-disconnect caps are listed 
in figure 3-21, 


3-63. INSTALLING THREADED-TYPE QUICK- 
DISCONNECTS AND ADAPTERS. (See figure 
3-20.) 


a, For quick-disvonnects installed with a 
threaded adapter, lubricate (Method A) adapter. 
Lubricate (Method J) gasket, and install 
adapter with gasket into port. Torque adapter 
to applicable torque value. Torque require~ 
ments for threaded adapters are listed in 
figure 3-21. 


CAUTION 


Overtorque applied to 2 threaded 
adapter can result in damage to 
parts, 


b. For quick-disconrects installed with 2 
flanged adapter, lubricate (Mcthed J ) adapter 
gasket, and install adapter with gasket on 
mounting boss. Torque adapter attach bolts 
to applicable torque value, and safetywire. 
Torque requirements for adapter attach bults 
are listed in figure 3-21. 


CAUTION 


When installing the quick-disconnect 
body into a threaded adapter, counter- 
torque must be applied tothe adapter, 
or damage to parts can result. 


c. Unbricate (Method A) quick-disconnect. 
Lubricate (Method J) gasket. Install quick- 
disconnect body with gasket on adapter. Torque 
quick-disconnect body to applicable torque. 
Torque requirements for quick-disconnects 
are listed in figure 3-21, 


d. Install cap on quick-disconnect body and 
terque to applicable value, Torque requirc- 
ments for quick-disconnect caps are listed in 
figure 3-21. 


3-88 Change No. 6 - 29 November 1971 
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3-64, FLIGHT INS PRUMENTATION PRES- 
SURE TRANSDUCERS, 


3-Go. REMOVING FLIGHT INSTRUMENTATION 
PRESSURE CRANSDUCERS. (See figure 3-22. } 


a. Observe safety, and contamination and 
damage preventlon requirements outlined in 
section I. 


CAUTION 


When removing gas generator cham- 
ber pressure transducer P119 or 
thrust chamber combustion chamber 
pressure transducer P123, the trans- 
ducer must be disconnected or 
loosened from the bracket or adapter 
prior to disconnecting the harness, to 
prevent damage to the harness or 
transducer. 


b. Disconnect transducer harness plug as 
outlined in paragraph 3-16. 


c. Remove transducer (1) and geal (2). 


3-66. INSTALLING FLIGHT INSTRUMENTA- 
TION PRESSURE TRANSDUCERS. {See figure 
3-22, ) 


a. If installing a replacement transducer, 
verily that transducer preinstallation test out- 
lined in section I has been performed. 


aA. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I, 


CAUTION 


When installing gas generator cham~ 
ber preasure transducer P119 or 
thrust chamber combustion cham- 
ber pressure tranaducer P123, the 
transducer nist remain loose until 
after the harness plug is fully mated 
and torqued to prevent damage to 
harness and transducer, 


b. Install transducer (1) and seal plate (2) to 
adapter or tube. Position transducer to match 
keyway of harness vlug., Croas-torque fasteners 
for applicable installation using torquing pro- 
cedure outlined in section I as follows: trans- 
ducer bojted to adapter, 45 45 in-lb; transducer 
bolted through adapter, bracket, and tube 
flange, 70 45 in-lb, except gas generator cham~ 
ber pressure transducer P119 and thrust cham- 
ber cumbustion chamber pressure transducer 
P123, which ere torqued to 125 +10 in-jb. 
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Figure 3-22. Flight Instrumentation 


Pressure Transducers 


ce. Connect electrical plug of instrumentation 
harness using method outlined in paragraph 3-17, 


d. If applicable, cross-torque nuts that se- 
cure P119 and P123 fo 125 410 in-lb after instru- 
mentation harness plug is fully mated and torqued. 


e. Refer to section [V for post~raaintenance 
test requirements, 


Section Iii 
Paragraphs 3-67 to 3-70 


3-67. FLIGHT INSTRUMENTATION TEMPER- 


ATURE TRANSDUCERS. 


3-68. TURBINE INLET MANIFOLD TEMPER- 
ATURE TRANSDUCER. 


3-69. This procedure is applicable to engines 
incorporating MD149 change and not incorpo- 
rating MD176 change. 


3-70. REMOVING TURBINE INLET MANIFOLD 
TEMPERATURE TRANSDUCER, (See figure 
3-23, ) 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I. 


b. Remove boot (1), and disconnect connector 
P137 (2) using method outlined in paragraph 
3-14, 


c. Remove transducer mounting holts and 
nuts. 


CAUTION 


Step dis performed only to free the 
transducer in the boss. No attempt 
shall be made to free the transducer 
from the boss by continuously rotat- 
ing the transducer because damage 
to the copper rings will result. 


d, Free transducer (3) by rotating transducer 
a few degrees in mounting boss using a suitable 
open-end wrench on transducer flange. 


e. Remove transducer (5, using installer 
and remover kit G2038, or equivalent, as 
follows: 


(1) Position strap of tool on underside of 
transducer mounting boss with roll pins of strap 
in boss mounting holes. 


(2) Place guide cf ioo! on face of mounting 
boss, and install two screws through guide into 
strap. ‘Tighten screws until strap and guide 
come in contact with mounting boss. 


NOTE 


A floating action is required between 
the strap, the wuide, and the mount- 
ing boss, 
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Figure 3-23. Turbine Inlet Manifold Temperature Transducer 


(3) Adjust control kncb and shoe af tool 
until shce is mated with transducer electrical 


(5) Turn control knob counterclockwise, 
and pull transducer (3) free of mountinw boss. 


receptacle. Fully screw shoe of tool onto 
electrical receptacle of transducer. 


(4) Tighten two screws that secure guide 
of tool to strap. 


3-99 


f. Remove seal (4) and disconnect transducer 
from tool. Install protective cap 
RD265-6002-3002 on transducer electrical 
receptacle, 


R-3896-3 
Volume [ 


g. Disengage tool from transducer mounting 
boss. 


h. Return removed transducer to Rocketdyne. 


NOTE 


Once a transducer has been removed 
for any reason, the copper rings must 
be re-formed before reinstallation, 
since the diameter of the copper rings 
has been reduced to a point where an 
interference fit in the mounting boss 
cannot be maintained. 


3-71. INSTALLING TURBINE INLET MANI- 
FOLD TEMPERATURE TRANSDUCER. (See 
f.gure 3-23. ) 


a. If installing a replacement transducer, 
verify that transducer preingtallalion test out- 
lined in section I has been performed. 


aA. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I. 


b. If engine has been hot fired, clean carbon 
from transducer mounting boss. Clean bore 
using reamer from kit G2038. Use care to pre- 
vent removal of parent material, 


c. Make sure transducer is ina serviceable 


condition and copper rings have been re-formed, 


NOTE 


Transducers that have been refur- 
bished and have had the copper 
rings re-formed may exhibit minor 
imperfections in the copper rings 
due to reswaging of the copper, 
Vhese minor imperfections due to 
reswaging are considered accept- 
able, 


ad. Instail transducer using installer and 
remover kit G2038, or equivalent, as follows: 


(1} Fully serew pilot into shoe of tool. 


(2) Position strap of tool on underside of 
transducer mounting boss with roll pins in boss 
mounting holes. 


(3) Place guide of tool on face of mounting 
boss and install two NID] 12-0001-0514 screws 


Section ITI 
Paragraph 3-71 


through guide into strap. Tighten screws until 
strap and guide come in contact with mounting 
boss. 


NOTE 


A floating action is required between 
the strap, the muide, and the mount- 
ing boss. 


(4) Turn control knob of tool clockwise and 
insert pilot into mounting boss as far as it will 
go, (Pilot will be inserted approximately 1.25 
inches into boss.} Do not overtorque control 
knob. 


CAUTION 


The guide must be free to float, 
allowing it to seek axial alinement 
with the bogs, 


(5) Tighten 2 screws securing guide of 
toal to strap. 


(6) Turn control knub counterclockwise, 
and pull free of mounting boss; then disconnect 
pilot from tool. 


(7) Fully screw transducer electrical re- 
ceplacie into shoe of tool, Make sure recep- 
tacle keyway is positioned for subsequent con- 
necting of connector (2). 


(8) Place seal (4) on transducer stem. 


(9) Turn control knob clockwise, and 
gently insert transducer into mounting boss, 
visually checking copper ring fit inte boss. 

Press transducer into place until seal (4) and 
transducer (3) are Mush with mounting boss face. 


(10) Disconnect and remove tuol. 


e. Secure transducer to mounting boss as 
follows: 


(1) Ciuoss-torque bolts to 130 +5 in-lh, 


(2) Alter ail belts are torqued to 130 25 
in-lb, decrease torque on each balt to 50 45 
in-]b; then final-torque bolts to 70 35 in-Tb. 


f. Connect connector (2)as outlined in para- 
graph 315, 


gf. Refer to section IV for post-maintenance 
test requirements, 
3-91 
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3-72. ENVIRONMENTAL TEMPERATURE 
TRANSDUCER. 


3-73. The environmental temperature trans-~- 
ducer ig located on the No. J side of the engine 
and is attached to u bracket on the aft tooling 
ring of the thrust chamber. 


3-74, REMOVING ENVIRONMENTAL TEM~ 
PERATURE TRANSDUCER. 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I. 


b. Disconnect connector from transducer 
using procedure outlined in paragraph 3-14, 


c. Remove transducer from bracket. 


3-75. INSTALLING ENVIRONMENTAL TEM- 
PERATURE TRANSDUCER. 


a. If installing a replacement transducer, 
verify that transducer preinstallation test out- 
lined in section [ has been performed. 


aA. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I. 


b. Install transducer in bracket with recep- 
tacle positioned to match keyway of harness 
connector. Cross-torque nuts to 70 £5 in-lb. 


c. Install connector using procedure outlined 
in paragraph 3-15. 


d. Refer to section IV for post-maintenance 
test requirements. 


3-75A. OXIDIZER PUMP BEARING TEMPER- 
ATURE TRANSRUCER NO. 1. 


3-763. The trangducer is located on the turbo- 
pump. The electrical receptacte (J134) of the 
transducer its attached to the upper connector 
panel on the No. 1 side of the turbopump. 


3-75C. REMOVING OXIDIZER PUMP BEAR- 
ING TEMPERATURE TRANSDUCER NO, 1. 


a. Observe safety, and contamination and 
damage prevention requireinonts outlined in 
section I. 


3-02 Change No. 6 - 29 November 19°01 
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aA. Note position of kcyway of receptacle 
134, and disconnect receptacle from pancl. 


b. Disconnect transducer at probe and by 
unscrewing transducer retainer, remove 
transducer and packing. 


3-75N, INSTALLING OXIDIZER PUMP BEAR- 
ING TEMPERATURE TRANSDUCER NO. 1. 


a. If installing a replacement transducer, 
verify that transducer preinstallation tests 
outlined in section I have been performed. 


aA. Observe safety, and contamination and 
damage prevention requirements outlined in 
section J. 


aB. Lubricate (Method J) packing with 
lubricant grease RB0140-012 (Rocketdyr2) and 
install packing on retainer of transducer. 


ac. Install probe end of transducer in pursp 
housing; then position transducer receptacle at 
panel to locate keyway in required position. 


b. Torque retainer to 80-90 in-lb. 


c. Attach receptacle it panel and install lug 
at attaching screw. To cque nuts to 4.5 to 4.5 
in-lb. 


3-76. TEMPERATURS TRANSDUCERS 
(ENGINES NOT INCORPORATING MD9Q6 
CHANGE). 


3-77. This procedu‘e applies ty the following 
flight instrumentation temperature transducers: 


a. No. 2 fuel pump inlet temperature 
transducer located on No. 2 fuel inlet elbow. 


b. Heat exchanger oxidizer inlet temperature 
transducer located on heat exchanger check 
valve. 


c. Heat exchanger GOX outlet temperature 
transducer located ou heat exchanger GOX duct 
(heat exchanger end). 


d. Heat exchanger heliuin outlet temperature 
transducer located on heat exchanger helium 
return duct (heat exchanger end). 


R-3896-3 
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3-78. REMOVING TEMPERATURE TRANS- 
DUCERS (ENGINES NOT INCORPORATING 
MD96 CHANGE). 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I, 


b. D¥sconnect connector from transducer 
using procedure outlined tn paragraph 3-14. 


c. Remove transducer and geal. 


3-79. INSTALLING TEMPERATURE TRANS- 
DUCERS (ENGINES NOT INCORPORATING 
MD86 CHANGE). 


a. If installing a replacement transducer, 
verify that transducer preinstallation test 
outlined in section I has been performed. 


aA. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I, 


b. Install geal and transducer with trans- 
ducex positioned to match keyway of connector. 
Cross-torque bolts to 45 +5 in-lb. Safetywire 
bolts. 


c. Install connector using procecure outlined 
in paragraph 3-15. 


d. Refer to section IV for post-maintenance 
teat requirements. 


3-80. PRIMARY JUNCTION BOX, 


3-81. REMOVING PRIMARY JUNCTION BOX. 
(See figure 3-24. ) 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I. 


b. Disconnect connectors as outlined in 
paragranh 3-14. 


c. Remvve struts (t}. Do not disturb 
adjusted lengths of struts. 


d. Disconnect junction hox (2) frem turbo- 
pump flange. 
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d. Install connectors as outlined {n para- 
graph 3-15, 


e. Refer to section IV for post-maintenance 
test requirements. 


3-83. QOXIDIZER FLOWMETER. 


3-84. REMOVING OXIDIZER FLOWMETER. 
(See figure 3-25. ) 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I. 


— INTERFACE b. Stide boot (1) back from plug (2), and dis- 
nee connect plvg as outlincd in paragraph 3-14. 


ec. Remove attaching hardware, and carefully 
remove seals (3, 4) and flowmeter (5), 


— 
— 
-NO. 1 FURL 


INLET ELBOW 
{REF} 


4-85, INSTALLING OXIDIZER FLOWMETER. 
(Sce figure 3-25.) 


a. If tustalhng a replacement flowmeter, 
7 —_ F1-3-1-68 verify that flowmeter pretnstallation test out- 
1 Strut 2  Junetion box lined in section I has been performed. 


aA. Observe gafety, and contamination aad 


; 3-24, P : 
aigure Flnary suaction Box damage prevention requirements outlined in 


section I, 
3-82. INSTALLING PRIMARY JUNCTION 
BOX. (See figure 3-24. ) WARNING 
a. If installing a replacement junction box, The use of contaminated parts ina 
verify that junction box preinstallation tests Liquid oxygen or indirect Hquid oxy- 
outlined in saction ] have been performed. gea system can cause an explosion 
resulting tn injury to personnel and 
aA, Observe safety, and contamination and damage te equipment. 
damage prevention requirements outlined tn 
section I, CAUTION 
b, Attach junction box (2) ta turbopump If the flowmeter has been subjected 
flange. Torque bolts to 7045 tn-lb. Safety- to solvent cleaning, the flowmeter 
wire bolts. must be inspected for residual chlo- 
rinate solvent as outlined in section 
c. Install struts (1). Torque nuts to 150 +10 I. Residual solvents witisin the 
in-lb, If strut lengths require adjusting, torque flowmeter can cause corrosion. 
checknuts to 190 45 in-lh. Safetywire check~- 
nuts. b. Make sure parts are clean for use in 


liquid oxygen gervice. 
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c. Carefully install seals (3, 4) and flowmeter 
(5). Make sure transducer is positioned to 
allow connector (2) to be connected, 


d, Cross-torque nuts to 265 15 in-lb using 
torque method outlined in section I. 


e. Connect plug (2) as outlined in paragraph 
3-15, 


f. Refer to section IV for post-maintenance 
test requirements. 


HEAT 
EXCHANGER 
CHECK VALVE. 
(REF) 


“™ HEAT EXCHANGER 
OXIDIZER SUPPLY 
MOS (REF) 


FI-3- 1-79 


Oxicizer 
flowmeter 


Wgure 3-25, Oxidizer Flowmeter 


3-86, HEAT EXCHANGER CHECK VALVE. 


3-87. REMOVING HEAT EXCHANGER CHECK 
VALVE. (See figure 3-26. ) 


a, Observe safety, and contamination and 
damage prevention requirements outlined in 
section I, 


b. On engines not incorporating MD96 change, 
remove transducer (1), seal (2), tube (3), and 
seal (4). 


c. Remove cover (8) and, if necessary, 
remove liners (7). 
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d. Disconnect flanges, and remove seals 


(8, 9) and valve (10). 


a 
HEAT EXCHANGER 
CHECK VALVE | : 
> 


wom FLOWMETER (REF) 


1 Transducer(a) 6 Cover 

2 Sealla) 7 Liners 

3 Tube(@) 8 Seal 

4 Sealla) 9 Sesi 

5 Block 10 Check valve 


(a) Engines not incorporating MD96 change 


tine 


Figure 3-26, 


Heat Exchanger Check Valve 
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3-88, INSTALLING HEAT EXCHANGER 
CHECK VALVE. (See figure 3-26.) 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
seciion I, 


WARNING 


The use of contaminated parts ina 
liquid oxygen or indirect Hquid oxy-~ 
gen system van cause an explosion 
resulting in injury lo personnel and 
damage to equipment. 


CAUTION 


lf the heat exchanger check valve 
has been subjected to solvent clean- 
ing, the valve must be inspected 
for residual halogenated solvents 
as outlined in section I. Residual 
solvents within the heat exchanger 
check valve can cause corrosion. 


b. Make sure that parts are cleaned for 
liquid oxygen service and that covers are not 
removed until parts are ready for installation, 


ec. Install liners (7), if necessary, and posi- 


lion check valves (10) in place using seals (8, 9). 


Cross-torque nuts to 255 £5 in-lb using torque 
method outlined in section I. 


d, If necessary, adjust block (5) to valve 
(10). Torque nuts to 125 46 In-lb. 


e, Install cover (6), and cross-torque bolts 
to 12 42 in-lh using torque method outlined in 
section I, 

NOTE 


Steps f through i apply to engines 
not Incorporating MD96 change. 


f, Inatali seal (4) and tube (3), 
g. Install seal (2) and transducer (1). 
h, Cross-torque bolis for tube (3) and trans- 


ducer (1) to 45 45 in-lb using torque method 
outHned in section I, 
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i, Safetywire all bolts nel secured by nuts, 
using method oulNned in section I. 


j. Refer to section IV for post-maintenance 
test requirements, 


3-89, WRAP-AROUND DUCTS AND HOSES. 


3-90. ‘Tools required consist of alinement tool 
T-5041233 and support T-5046440, or equivalent. 


3-91. REMOVING WRAP-AROUND DUCTS 
AND HOSES, (Sec figure 3-27.) 


at. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I. 


aA. Disassemble the following thermal fusu- 
lation brackets, as required, to provide clear- 
ance for removing wrap-around ducts. Refer 
to R- 3896-6, 


(1) Helium supply, helum return, and 
GOX wrap-around ducts: bracket 145188 and 
tie rod 145305, 


(2. Hydraulic supply and hydraulic return 
wrap-around ducts: bracket 145290, 


CAU TION 


Extreme care must be used when 
removing the gimbal jointed ducts, 
The unatlached ends niust be sup- 
ported ‘o prevent damage to the 
gimbal joints and braided sections, 


b. Remove covers (2, 4, 6, 9) or cover (15) 
and clips (16, 17), as necessary, to remove 
duct or ducta, 


ec. Remove support ivol T'-5046440, and dis- 
connect applicable ducts or hoses at engine 
connection. 
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3-92. INSTALLING WRAP-AROUND DUCTS 
AND HOSES. 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I. 


CAUTION 


Extreme care must be used when 
installing the gimbal jointed ducts, 
The unattached ends must be gup- 
ported to prevent damage to the 
gimbals and braided sections. 


bd, Install pad K2297-2 in cradle of existing 
engine bracket for duet (1), 


c. Install duct (1) and secure to engine linc 
using seal 408949, 6 belts RD111-4011-6527, 
6 washers RD153-65002-0005, 6 washers 
RD153- 1002-0005, and 6 nuts RD114-8005- 1005, 
Yorque nuts to 265 25 in-Ib. 


d. Install pad K2297-2 in cover 681298 (2), 
Inatall cover and secure with 4 bolts 
RD1i11- 1009-0417 and 4 washers 
LD153-0013-0002. ‘Torque bolts to 35 42 
in-lb. Safetywire bolts. 


e. Install pad K2297-6 in cradle of existing 
engine bracket for helium return duct (3), 


{. Install duct (3) and secure to engine line 
usilag seal 406350 (engines not incurporating 
MD187 change) or seal 408895 (engines jncor- 
porating MD187 change) and 8 bolts 
RD111-4011-6527, 8 washers RD153-5002-0005, 
8 washers RD153-1002-0005, and 8 nuts 
RD114-8005-1005. Torque nuts to 265 +10 in-Jb, 
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¢. Install pad K2297-6 tn caver 651296 (4), 
Install cover and secure with 4 bolts 
RD111-1009-0417 and 4 washers 
1L.D153-0013-0002, Torque bolts to 35 42 
in-lb, Safetywire bolts. 


h. Install pad K2297-6 in cradle of existing 
engine bracket for GOX return duct (5), 


i. Install duct (5) and secure to engine Itae 
using seal 406350 (engines not incorporating 
MD186 change) or seal 409895 (engines incor- 
porating MD196 change) an@ 8 bolts 
RD111-4011-8527, 8 washers RD153-5002-0005, 
8 washers RD153-1002-0005, and 8 nuts 
RD114-9005-1005. Torque nuts to 265 410 tn-1b, 


j. Install support tool T-5046440, or equiva- 
lent, to support duct (1, 3, 5). 


R-~3896-3 
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Section I 


view C-C 

1 Helium supply wrap-around duct 10 
2 Cover 11 
3 Helium return wrap-around duct 12 
4 Cover 

§ GOX wrap-around duct 13 
@ Cover 14 
% Hydraulic supply wiap-around duct 15 
8 Cover 16 
9 


Cover ; 17 


10 (REF)-- “T 7, 


an COVER 
EP OXYCp> 
NG 
POSS EAISLING BRACKET ~— 2 
ie ot pan, 


view B-B 
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Hydraulic return wrap-around duct 

Oxidizer dome purge wrap-around hose 

‘Turbopump oxidizer geal purge wrap- 
around hese 

Prefill wrap-around hose 

Cocoon purge wrap-around hose 

Cover 

Clip 

Clip 


Figure 3-27. Wrap-Around Ducts and Hoses 
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k. Install pact K2297-6 in cover 651296 (6), 
Install cover and secure with 4 bolts 
RD11}- 1009-0417 and 4 washers 
f 1.0153-0013-0002. Torque bolts to 35 42 in-lb. 
Safetywire bolts. 


1. Install pad K2297-4 in cradle of existing 
engine Uracket. 


m. Install duct (7) and secure to engine line 
using seal 19-406932-19, 4 bolts 
RD111-4010-6418, and 4 washers 

§ D153-5002-6004. Torque bolts to 80 45 in-lb. 
Safetywire bolts. 


n. Secure duct to engine bracket using 3 
bolts RD111-4008-0508 and 3 washera 
RD153- 5002-0005. Torque bolts to 90 +5 in-lb. 
Safety wire bolts. 


o. ‘stall cover 651292 (8) using seal 
19-408758-3, 8 bolts RD111-4010-6519, and 
8 washers RD153- 5002-0005. ‘Torque bolts to 
225 +15 in-lp. Safetywire bolts, 


p. Install pad K2202-4 in cover 651297 (9), 
Install cover and secure with 4 bolts 
RDi11-1009--0417 and 4 washers 

§ LD153-0013-0002. Torque bolts to 35 +2 in-lb. 
Safetywire bolts. 


q. Install pad K2297-4 in cradle of existing 
engine bracket. 


r. Install hydraulic return duct (10) and 
secure to engine line using seal 19-406338-2, 
6 bolts RD111-4011-6428, G washers 


RD153- 5002-0004, 6 washers RD153- 1002-0004, 


and 6 nuts RD114-8005-1004. Torque nuts to 
125 +5 in-lb. 


8. Instali pad K2297-4 in cover 651297 (9). 
Tnstall cover and secure with 4 balts 
RD111-1009-0417 and 4 washers 

f LD153-0013-0002. Torque bolts to 35 42 in-1b. 
Safety wire bolts. 


t. Install support tool T- 6046440, or equiva- 
lent, to support unattached ends of lines (11 
through 14) as lines are instailed. 


u. Install hose (11) and secure to engine 
line using seal 19-406332-15, 4 bolts 


J RD111- 1010-6424, 4 washers LD153-0013-0002, 


4 washers RD163- 1002-0004, and 4 nuts 
RD114-8003-1004. ‘Torque nuts to 75 +5 in-lb. 


v. Install hose (12) and secure to engine line 
using seal 19-406332-15, 4 bolts 


J RD111-1010-6424, 4 washers LD153-0013-0002, 


4 washers RD153- 1002-0004, and 4 nuts 
RD114-8003- 1004. Torque nuts to 75 +5 in-Ib. 
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w. Remove cover at prefill check valve lo-~ 
cated on fuel inlet manifold (No, 1 side) and 
install nose (13) using existing seal and cover 
attaching hardware, consisting of seal 
19-408751-1, bolts RD111-1010-6427, washers 
RD153- 5002-0004 and RD153- 1002-0004, and 
nuts RD114-8005- 1004. ‘Torque nuts to 100 +10 
in-lb, 


x. Install hose (14) and secure to engine line 
using seal 19-406332-28, 4 bolts 


RD111- 1010-6424, 4 washers LD153-0013-0002, J 


4 washers RD153- 1002-0004, and 4 nuts 
RD114-8003-1004. Torque nuts lo 75 45 in-lb, 


y. Install 2 clanips RE127- 2003-0006 and 2 
clamps RE127- 2003-0010 on hoses (11, 12, 13) 
in preparation for installation of cover (15). 


Zz. Install cover 651578 (15) using 5 balts 
RD111- 1009-0414 and 5 washers 


1.D153-0013-0002. Torque bolts to 20 42 in-lb. | 


Safetywire bolts. 


aa. Install clips 308437 (16) and 308649 (17) 
using 2 screws AN520C10R18, 2 screws 
AN520C10Ri4, 8 washers LPD153-0010-0008, 
and 4 nuts NAS679C3W. Alternately torque 
nuts for each clip to 6 (+5, -0) in-lb. 


ab. Check alinement of wrap~around ducts 
(paragraph 3-93), 


ac. Reinstall applicable thermal insulation 
brackets removed in paragraph 3-91. Refer to 
R-3896-6. 


3-93. CHECKING ALINEMENT OF WRAP- 
AROUND DUCTS, 


3-94. This procedure verifies proper positiou- 
ing of hydraulic and pressurization system 
wrap-around ducts. ‘Tools required consist of 
alinement tool T- 5041233, 


a. Install alinement toot T- 5041233 on Nu. 1 
actuator end of gimbal bearing shaft. Make sure 
that conical alinement pin is in shaft counter- 
Sink, rectangular key is in shaft locking plug, 
and tool magnet is pressed firmly against end 
of shaft. 


b. Look through tool sight glass and, keeping 
sight glass fore and aft hairlirnes alined, verify 
that yoke-to- retaining pin-centers of ducts 
(7, 10, figure 3-27) are between hairlines of 
sight glass. If pin centers are outside of hair- 
lines, adjust lines laterally as outlined in para- 
graph 3-95. Make sure lines are seated in 
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cradies of hydyaulic cuslomer-connect ducts 
support bracket. Mf ducts are nut seated, adjust 
ducts vertically as outlined in paragraph 3-96. 


c. Install alinement tool T-5041233 to side 
opposite No. 1 actuator end of gimbal bearing 
shaft. Make sure conical alnement pip is in 
shaft countersink, rectangular key is in shaft 
locking plug, and tool magnet is pressed against 
end of shaft. 


d. Look through tool sight glass and, keeping 
sight glass fore and aft hairlines alined, verify 
that yoke-to-retaining-pin centers of ducts (1, 
3, 5, figure 3-27) are between hairlines of sigh 
glass. If pin centers ave outside of hairlines, 
laterally adjust ducts outlined in paragraph 
3-97. Make sure ducts are seated in cradles 


RETURN 
LINE — 


SUPPLY 
‘ie GananAl LiNE 


FUZL . 
MANIFOLD 


RETURN LUNE 


1 Bracket 2 


al ky eiAeraansindetrrintbnAtt hte emitter mint simartrnthAAB in 


Bracket 3 
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of heat exchanger custome.’-connect bracket. If 
ducts ave not seated, vertically adjusf ducts as 
outlined in paragraph 3-96. 


3-95. LATERAL ADJUSTMENT OF IYDRAU- 
LIC WRAP-AROUND DUCTS, This procedure 
adjusts the hydraulic wrap-around ducts to 

aline the pin centers of the hydraulic cuct gimbal 
sections within the hairlines of alinement tool 
T~5041233. (See figure 3-28.) 


a, Loosen attaching bolts of brackets (1, 2) 
and support (3). 

b, Loosenboltsthat secure wrap-around duct 
covers at hydraulic customer-connect duct sup- 
port bracket, 

c. Loosen forward joints of ducts, if connected, § 


and aline ducts until pin centers of duct gimbals 
are within hairlines of alinement tool T-5041233, 


LL yD Sinner IRS beh NAA Sr SPS Hs DSP as hf SASS —S 


COVER (REF) 


Duct 
view A-A (REF) 
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d. Torque fastener? at forward joints of 
ducts, if connected. 


e. Torque nuts that secure brackets (1, 2) 
to 110 +10 in-)b. 


f. Torque nuts that secure support (3) to 
90 +5 in«Ib. 


g. Torque wrap-around duct cover bolts tu 
35 +2 inelb, 


3-96. VERTICAL ADJUSTMENT OF HYDRAU- 
LIC WRAP-AROUND DUCTS. This procedure 
positions the hydranlic wrap-around ducts in 
the cradles of the support bracket by adjusting 
the CO in the engine y-axis, (See figure 
3-28. 


a. Loosen clamp and cover that secure 
engine supply and return ducts to brackets 


b. Loosen bolts that secure support (3) to 
duct. 


c. Loosen forward joints of ducts, if con- 
nected. 


d. Loosen covers that secure wrap-around 
ducts to hydraulle customer-connect duct- 
support bracket. 


e. Adjust location of engine ducts (y-axis) 
until wrap-around ducts seat in cradle of sup- 
port bracket, 


f. Make sure gimbal joint pin centers are 
alined within hairlines of alinement tool 
1'~ 5041233, 


g. ‘Torque fasteners at forward joints of 
ducts, if connected. 


h. Torque cover bolts to 35 +2 in-lb. 


i. Torque cover bolts to support (3) to 
30 22 in-lb. 


j. Torque nut that secures clamp for duct (7) 
to 40 £5 in-Ib. 


3-97, LA'TERAL ADJUSTMENT OF PRESSUR- 
IZATION WRAP-AROUND DUCTS. This proce- 
dure adiusts the pressurization ducts to aline 
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pin centers of the pressurization duct gimbal 
sectisns within the hairlines of the allnement 
too! T-504123%3. (See figure 3-29. ) 


NOTE 


The pressurization ducts (1, 3, 5, 
figure 3-27) are adjusted simultane- 
ously since they are supported by 
one bracket. 


a. Disconnect bracket (1, figure 3-29) from 
support (2). 


NOTE 


Pressurization ducts must not be 
disconnected from bracket. 


b. Loosen bolts that secure bracket (3) to 
support. 


c. Loosen forward joints of ducts, if con- 
nected. 


d. Loosen pressurization duct dome bracket 
covers. Aline gimbal joint pin centers of ducts 
within hairlines of alinement tool; then torque 


fasteners at forward joints of ducts, if connected, 
and torque bolts for duct covers at dome support 


brackets to 34 +3 in-lb. 


e. Torque nuts that secure bracket (3) to 
support to 130 410 in-lb. 


f. Disconnect block (4) and support (5). 


g. Loosen strap (6) and bracket (7); then 
move support (2) to aline with bracket (1). 


NOTE 


Bracket (1) and pressurization duct 
gimbal joints must not be remaved, 


h. Secure bracket (1) to support (2) by 
torquing nuts to 100 410 in-!b. 


i. Adjust block (4) along duct, and torque 
nuts to 125 +10 in-lb. Torque cover bolts to 
12 +2 in-lb. 


j. Adjust support (5) to hose, and torque 
nuts to 125 410 in-Ib. 


an 


R-3896-3 Section IH 


Volume I Paragraphs 3-98 to 3-98C 
1 Bracket & Support 
2 Support 6 Strap 
3 Bracket 7 Bracket 
4 Block 


FI-3-1-166 


a res mriciivemie a 


Wrap-Around Ducts 


3-98. VERTICAL ADJUSTMENT OF PRESSURI- 
4ATION WRAP-AROUND DUCTS. This pro- 
cedure positions the pressurization ducts in the 
cradles of the heat exchanger ducts support 
brocket by adjusting the ducts in the engine 
yeuxis. (See figure 3-29, ) 


a. Uoosen 2 covers that secure heat exchanger 
ducts to brackets on No. 2 side of engine, 


b. Laogen 3 covers that secure ducts to heat 
exchanger ducts support bracket. 


c. Make sure forward joints of ducts are 
secure. 


ad. Adjust ducts longitudinally to seat in 
cradles of heat exchanger ducts support bracket, 
and torque bolts of 3 covers to 35 42 in-lb. Pin 
centers of gimbals must remain in the alined 
position, as determined with alinement tool 
T-5041233, 


e. Torque bolts of 2 covers that secure heat 
exchanger ducts to brackets on No, 2 side of 
engine to 25 45 in-lb. Safelywire bolts. 


3-98A. HEAT EXCHANGER AND TURBOPUMP 
TURBINE, 


3-388. This procedure disconnects and con~ 
nects the heat exchanger at the turbopump 
turbine to permit use of the torque bar on the 
second-stage turbine wheel during turbonuinp 
maintenance, 


3-98C, DISCONNECTING HKAT EXCHANGER 
FROM TURBOPUMP TURBINE, (See figure 
3-30.) 


a. Observe safety, and contanunation and 
damage prevention requirements outlined in 
section I, 


b. Disconnect hose (1) and remove seal 
plate (2). 


e. If static firing instrumentation is installed, 
remove tube (3) and seals (4), 
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ad, Measure and record extension of heat 1, Position seal (42) on heat exchanger flange, { 
exchanger lines from 4 fixed point adjacent tou to protect flange sealing surface. 
cover (24) to line flanges, 

m. Using heavy gage, commercial grade 
e, Loosen cover (24), plastic sheet, cover heat exchanger inlet anc 
secure sheeting to heat exchanger exterior with 
f, Remove cover (28) and liners (29), pressure-sensitive tape RBO195-002 (Rocketdyne), 


or equivalent. 
. Mark location of joints for coupling (39), 
remove coupling, and posilion shield (40) on 
heat exchanger, 


h. Loosen all fasteners at heat exchanger to 
turbine flane, 


i, eplace one flange fastener at centerline 
of flange adjacent to thrust chamber with an 
extra-lcngth bolt, washers, and nut; tighten nut, 
The bolt musl be of sufficient threaded length 
so that the nut can be adjusted to hold the flanges 
together and to allow the Clanges to separate 
2-1/2 inches when the nut is backed off, 


j. Replace a flange fastener on either side 
of outer centerline of flange with two additional 
bolts, washers, and nuts ag specified in step i. 
Locate and adjust fastonera to support flange 
without interfering with torque bar installation, 


CAUTION 


Deflection of the gimbal joints or 
flexible sections of the heat exchanger 
ducts and hoses in excess of 10 degrees 
from a null position is not allowed. 
Damage to the gimhal bellows or 
flexible sections of the ducts and 

hoses may occur, 


k, Remove remaining flange fasteners; then 
back off nuts of extra-iength bolts to separate 
flanges. Observe ginrbal joints and flexible 
section of ducts and hoses for deflection. Where 
deflection will exceed 10 degrees before suffi- 
cient gap is obtained to install torque bar, the 
affected ducts or hoses must be disconnected, 


NOTE 


If the gap does not permit installa- 
tion of the torque bar, the heat 
exchanger and heat exchanger ducts 
and hoses must be disconnected and 
supported and/or removed as outlined 
in paragraph 3-99. 
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3-08D, CONNEC'NNG HEAT EXCHANGER TO 
TURBOPUMP TURBINE. (See figure 3-30.) 
Specified lubricating procedures (methods) are 
outlined in section I. 


a. Carefully remove plastic sheet from heat 
exchanger inlet flange. 


b, Support Nanyves of heat exchanger to main- 
tain gap between flanges, and replace seal (42), 
Reinstall cxtra-length bolts, washers, and nuts, 


ce, Cross-torque nuts on extra-length bolts 
until flange fasteners can be installed, Replace 
extra-length bolts with flange festeners, and 
cross-torque nuts to 130-140 in-Jb, 


d. Install shield (40) with cutout positioned 
at instrumentation ports of heat exchanger and 
joints of coupling (39) located at position marked 
during removal, Incrementally torque coupling 
fasteners to 90 +5 in-Jb, 


e. If static firing instrumentation ie installed, 
lubricate (Method G) tube (3) with thread com- 
pound C-5A (Felt Products); install seals (4) and 
tube, Torque tube coupling nuts to 160 +10 in-Ib, 
Safetywire coupling nut, 


f. Install seal plate (2) and hose (1), Cross- 
torque bolts to 4545 in-lb. Safetywire bolts. 


NOTE 


If the heat exchanger ducts or hoses 
were disconnected, they must be in- 
stalled as outlined in paragraph 3-102, 


e Steps g anc h apply if heat exchanger 
ducts and hoses were not disconnected 
and the wrap-around lines are installed. 


e@ Steps i through k apply if heat ex- 
changer ducts and hoses were not 
disconnected and the wrap-around 
lines are not installed. 


g. Adjust extension of ducts (30, 32, 34) to 
position recorded during removal. Tighten 
bolts fox cover (24) to retain ducts in place. 
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h. Install cover (28) and liners (29), ‘Torque 
bolts for cover (24) to 2545 in-lb, Torque bolts 
for cover (28) to 4U 42 in-lb. Safetywire bolts. 


i, Ing.all flange alinement too) T-5039437 to 
interfaces of ducts (30, 32, 34), to radially 
position duct flanges, 


j. Adjust extension cf ducts (30, 32, 34) to 
position recorded during removal and tighten 
bolts for cover (24), to retain ducts tn place. 


«. Install cover (28) and liners (29), 
bolts for cover (28) to 40 42 in-lb, 
bolts and remove tool, 


Torque 
Svfetywire 


1, Refar to section IV for post-maintenance 
lest requirements specified for heat exchanger 
and heat exchanger ducts and hoses, 


3-99. HEAT EXCHANGER AD HEAT. 


EXCHANGER DUCTS AND HOSES, 

3-100. Equipment required consists of sling 
$024925-11 from Component Handling Fixture 
Set G4068, seal alinement tools T-5044716 and 
T-5044717, and flange alinement tool T-5039437, 


3-101. REMOVING HEAT EXCHANGER AND 
HEAT EXCHANGER DUCTS AND HOSES. (Sce 
figure 3-30.) Specified lubricating procedures 
(methods) are outlined in section I, 


a, Observe safety, and contamination and 
damage prevention requirements outlined in 
section [. 


h, Jf heat exchanger is to be removed, dis- 
connect hose (1) and remove seal plate (2), and 
disconnect lube (3) and remove seal (4). 


c, If heat exchanger is to be replaced, re- 
move union (5) and seal (6), 
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Heat Exchanger and Heat Exchanger Duets and Hoses (Sheet 1 of 2) 


Figure 3-30, 
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“fay Engines not incorporating MD96 change 


figure 3-30. 


NOTE 


Steps d through 1 remove heat ex- 
changer ducts, Prior to performing 
step d, wrap-around lines connected 
to the heat exchanger ducts must be 
disconnected at the heat exchanger 
duct flanges as outlined in para- 
graph 3-9}. 


CAU TION 


Extreme care must be nsed when 
removing flexible instrumentation 
hoses to prever.’ excessive bending 
and resultant bulging of the braid. 
Excessive bends are those having 
a permanent set with a radius of 
less than 3 inches ina free state, 


ad, Remove hose (7\, seal (8), orifice plate 
(9), and seals (10). Nate position of orlfice 
plate, and record sertal number for rein- 
Stallation. 


GA. Lubricate (Method A) duct (30) and hose 
(36) bypass flange closure fasteners with lubri- 
cant grease RBO0140.012 (Pocketdyne). 


e. Remove hose (11), sea} (12), orlfice plate 
(13), and seals (10), Note position cf orifice 
plate, and record serial nunber for rein- 
Btallation. 


eA, Lubricate (Method A) ducts (32, 34) 
bypass flange closure fasteners with lubricant 
grease RBO140-012 (Rocketdyne), 


{, On engines not incorporating MD96 change, 
remove instrumentation parts (14 through 23). 


g. Measure and record extension of heat 
exchanger ducts (30, 32, 34) from flange inter- 
faces to forward side of cover (24), 


eoraanet 


Heat Kxchanger and Heat Exchanger Ducts and Hoses (Sheet 2 of 2) 


h. Supporttug heat exchanger Jines, remove 
bracket covers (24, 26, 28). Do not remove 
liners (25, 27, 29) unless they require re- 
placement, 


i. Remove duct (30) and saai (31), 
j. Remove duct (32) and seal (33), 
k. Remove duct (34) and seal (35), 


1, Disconnect hose (38) from transducer, and 
remove seal (37); then disconnect hose at heat 
exchanger, and remove seal (38), 


NOT 


Steps m through r remove the heat 
exchangex, 


m. Remove coupling (39), and slide shield 
(40) over heat exchanger. 


n, Install sling 9024925-11 on heat exchanger. 
(See figure 3-31.) 


CAUTION 


The heat exchanger weighs approxt- 
mately 823 pounds. 


0. Supporting heat exchanger, disconnect 
heat exchanger at exhaust manifold and remove 
seal (41, fHKigure 3-30), Heat exchanger bellows 
may retract when disconnected. 


p. Disconnect heat exchanger at inlet end, 
and remove seal (4%). 


q. Use extreme care to prevem damage ta 
flanges, and remove heat exchanger from 
engine. 
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section 
Paragraph 3-102 


y. Remove shield (40); then position heat 
exchanger with inlet end down, and carefully 
place on a prepared surface. Remove sling. 


3-102. INSTALLING HEAT EXCHANGER AND 
HEAT EXCHANGER DUCTS AND HOSES. (See 
figure 3-30.) Where multiple fasteners are used 
at joints, the applicable torque and safetywiring 
methods outlined in Section I must be used. An 
aliernate procedure is provided in paragraph 
3-102A for instatling the heat exchanger. 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I. 


WARNING 


The use of contaminated parts ina 
Liquid exygen ov indirect liquid oxy- 
gen system can cause an explosion 
resulting in injucy to personnel and 
damage to equipment. 


CAUTION 


U the heat exchanger or any of the 
heat exchanger ducts and hoses 

have been subjected to solvent 
vleaning, the part must be inspected 
ior regidual halogenated solvents as 
outlined in section i. Residuat so)- 
vents within the heat exchanger ducts 
and hoses can cause corrosion. 


b, Make sure all parts are free af contami- 
nants and are clean for oxidizer and helium 
systems; however, carbon must not be re- 


moved from external surfaces of heat exchiiger 


eolls. 


ec. Install adapter of sling 9024925-11 from 
Component Handling Fixture Set G4068 on 
heat exchanger. (Sce figure 3-31.) Hoist 
eae into position and altach to adapter. 


CAUTION 


The heat exchanger weighs apprxoxi- 
imately 823 pounds, 


d. Instali shield (40, figure 3-30) over heat 


R-3396-3 
Volume I 


to allow rotation and rotate to desired position 
for installation. Make sure heat exchanger 
remains balanced in selected position. 


NOTE 


If the heat exchanger does not re- 
main in the destred pogltion, it 

will be necessary to set the heat 
exchanger down and adjust the cable 
attach points to obtai. the correct 
center of gravity. 


e. Woist heat exchanger into position, in- 
stall seal (42), and secure Manges. Cross- 
torque nuts to 130-140 in-lb. 


f. Install shield (40), position cutout on 
No. 2 side of engine, and secure shield with 
coupling. Ierementally torque coupling 
fasteners to 90 45 in-lb. 


| re nt 


SLING 
9024425-1t 


Fi1-3-1-12 


exchanger inlet and secure to sling. Hoist 


heal exchanger sufficiently clear of floor areca Figure 3-31. 


Handling Heat Exchanger 
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g. Install seal (41), and aline seal and heat 
exchanger flange with duct flange using 4 equally 
spaced (90-degree increments), extra-length 
bolts. Pull flanges together with extra~length 
bolts and secure flanges. Remove extra- 
length bolts, install remaining bolts, and torque 
nuts to 190-140 in-lb, 


h. Remove heat exchanger sling. 


i, Install hose (36), and support hose by 
installing cover (26) at strut. Do not torque 
cover bolts at this time, 


j. Install seal (37), and connect hose to 
transducer. Cross-torque nuts to 295 45 in-Jb, 


k. Install ring flange and seal (38) at heat 
exchanger end of hase. 


l. Verify that arc deflection for flexible 
section of hose is within tolerance indicated. 
(See figure 3-32.) Croas-torque bolts to 
295 110 in-lb. Safetywire bolts, 


m. Make sure liners (27, figure 3-90) are 
installed; then cross-torque bolts of cover (26) 
to 12-14 in-lb. Safetywire holts. 


n. Instat) duct (34) and seal (34) at heat 
exchanger, Install bolts looscly, and tempo- 
rarily support duct at turbopump strut bracket. 


0. Install duct 2) and sea? (33) at heat ex- 
changer. Install bolis loosely, and tempo- 
rarily support duct at turbopump strut bracket, 


p. Install duct (30) ant scal (31) at heat ex- 
changer. Install bolts loosely. Make sure 
liners (25, 29) are installed; then instaJl 
covers (24, 28). Install boits lousely. 


NOTE 
If wrap-around lines are not installed, 


perform step q. if wrap-around lines 
are installed, proceed to step r. 


q- Install tool T- 5039437 to interfaces to 
radially position duct flanges, Adjust extension 
of ducts to dimensions recorded during removal. 
Torque bolts for cover (24) to 25 45 in-ib, and 
bolts for cover (28) to 40 +2 in-lb. Safe‘vwire 
bolts, and remove alinement tool. 


r. Adjust extension of ducts to values re- 
corded during removal, and rotate ducts to 
match holes in wrap-around flanges. Cross- 
torque bolts for cover (24) to 26 +5 in-lb, and 
bolts to cover (28) to 40 43 in-Ib. Safety wire 
bolts. Install seals between wrap-around lines 
and duct flanges. Cross-torque nuts for GOX 
and helium return ducts to 265 +10 in-lb, and 
nuts for helium supply duct to 265 +5 in-lb. 


s. Install hose (11), orifice plate (13), and 
2 seals (10) at duct (34) bypass bocs. Position 
tab of orifice plate (13) toward heat exchanger 
end of supply duct. Do not tighten bolts. 


NOTE 


The orifice plate must be the same 
as recorded in the Engine Log Book. 


t. Install seal (12), and connect reinaining 
end of hose (11) to duct (32). Do not tighten 
bolts. 


u. Install hose (7), orifice plate (9), and 2 
seals (10) at hose (36) bypass boss, Pusition 
tab of orifice plate (9) toward heat exchanger 
end of hose (36). Do not tighten bolts. 


NOTE 


The orifice plate must be the same as 
recorded in the Engine Log Book. 


v. Install seal (8), and connect remaining 
end of hase (7) to duct (30). Do not tighten bolts. 


CAUTION 


When rotating ducts or lines at the 
heat exchanger or bypass line 
flanges, the duct or line must be 
pulled away from the flange base 
to prevent damage to seals. 


w. Sight along duct (32) to make sure that 
section of duct between 2 bellows joints aft of 
turbopump strut is in line with section of duct 
attached by cover (28). Rotate duct as neces. 
sary at heat exchanger flange to obtain aline- 
ment. Using seal alinement tool T- 50$4717, 
aJine seal, and cross-torque 2 opposite bolts at 
flange to 30 +5 in-ib, 
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x. Rotate duct (30) and hose (36) at heat 
exchanger flanges to meet the following di- 
mensions: (Keep flexible section of hose (7) 
as straight as possible during rotation, Use 
seal alinement tool T-5044716 to aline seals, 
and inerementally torque 2 opposite bolts in 
each flange to 30 6 in-lb.) (See figure 3-32 
for dimensional locations, ) 


(1) Clearance of flexible section of hose 
(7, figure 3-30) from nearest point of hexagonal 
seclion of duct (32); 2,14 inches minimum, 
(See figure 3-32, detail A. ) 


(2) Are deflection in flexible section of 
hose (7, figure 3-30): 3/32 inch maximum. 


(3) Are deflection in flexible Wection of 
hose (36) nearest heat exchanger: 0. 170 inch 
maximum, 


y. Rotate duct (84) at heat exchanger flange 
until offset in flexible sections of hose (11) is 
within 0.127 inch maximum, as shown in 
figure 3-32. Keep flexible section of hose (11) 
as straight as possible during rotation. Use 
seal alincment tool T-5044717 to aline seal, 
and cross-torque 2 opposite bolts in duct flange 
to 30 +5 in-lb. 


Z%. Measure immediately forward of weld, 
between outer surfaces of duct (30, figure 3-30) 
and duct (82). (See figure 3-32.) Dimension 
must not be less than 4.386 inches. Uf measure- 
ment is unsatisfactory, readjust duct (32, 
figure 3-30) as outlined in step w and cuct (34) 
as outlined in step y to obtain required spacing. 
Make sure flexible sections of hose (11) meet 
0, 127-inch requirement specified in step y. 

aa. Cro.3-torque fastener group as follows: 

(1) Hose (36) and duct (30) flanges: 
295 +10 in- Ih. 


(2) Duct (34) and duct (32) flanges: 
110 +10 in-Ib, 


(3) Hose (11) at helium supply duct (34): 
100 +10 in-Jb. 


(4) Helium bypags hose (11) at duct (32): 
100 110 in-Ih. 


(5) Hose (7) at LOX supply hose (36) and 
duct (32): 100 +10 in-Ib, 


Section II 
Paragraph 3-102A 


ab, Safotywire fasteners using applicable 
method outlined in section I, and seal lockwire 
of fasteners used at orificed joints. 


ac. On engines not incorporating MD96_ 
change, install transducers (14, 18) using — 
seals (15, 19). Install hoses (16, 20, 22) 
using seals (17, 21, 23), Torque fasteners to 
45 15 in-lb. If harness plugs were disconnected, 
connect lo transducers using method outlined in 
paragraph 3-15, Safetywire fasteners using 
applicable method outlined in section 1. 


NOTE 


Flexible instrumentation hoses must 
not have an installed bend radius of 
less than 3 inches. Hoses with 
bulges in the braids and/or a perma- 
nently set beoud radins of less than 

3 inches must not be used, 


ad. If heat exchanger was replaced, refer to 
section I for lubricating method and lubricate 
(Method A) union (5) using thread compound 
C-5A (Felt Products), Install seal (6) and 
union, and torque union to 55-80 in-Ib. 


ae. Tiefer to section I for lubricating method, 
and using thread compound C-5A (Felt Products) 
lubricate (Method G) tube (3). Install seal (4) 
and tube. Torque tube coupling nut to 160 410 
in-Ib, Safotywire coupling nut. 


af, Install seal plate (2) and tube (1). Cross- 
torque bolts to 45+5 in-lb, Safetywire bolts. 
Use torque and safctywiring methods outlined in 
section 1, 


ag. If wrap-around ducts are installed, re- 
connect them to heat exchanger lines as outlined 
in paragraph 3-92, 


ah. Refer to section IV for post-maintenance 
test requirements. 


3-102A. INSTALLING HEAT EXCHANGER 
(ALTERNATE PROCEDURE). (See figure 3-30. ) 
This procedure may be used under certain field 
conditions as determined by the Rocketdyne 
representative. When multiple fasteners are 
used at joints, the applicable torque and safety- 
wiring methods outlinedin section I must be used. 


a. Observe safety, and contaminetion and 
damage prevention requirements outlined in 
section I, 
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Section III 
Paragraphs 3-103 to 3-104 


WARNING 


The use of contaminated parts ina 
liquid oxygen or indirect liquid oxy- 
gen system can cause an explosion 
resulting in injury to personnel and 
damage to equipment. 


CAU'TION 


If the heat exchanrer or any of the 
heat exchanger ducts and hoses have 
been subjected to solvent cleaning, 
the parl must be inspected for 
residual halogenated solvents as 
outlined in section I. Residual sol- 
vents within the heat exchanger 
ducts and hoses can cause corrasion. 


b. Make sure all parts are free of contami- 
nants and are clean for oxidizer and helium 
systems; however, carbon must not be removed 
from external surfaces of heat exchanger coils. 


¢. Install adaptei of sling 9024925-11 fron 
Component Handling Fixture Set G4068 on heat 
exchanger. (See figure 3-31.) Hoist cable into 
posilion and attach to adapter. 


CAUTION 


The heat exchanger weighs approxi- 
mately 823 pounds. 


d. Install shield (40, figure 3-30) over heat 
exchanger inlet and temporarily attach to heat 
exchanger forward flange. Hoist heat exchanger 
sufficiently clear of floor area to allow rotation 
and rotate to desired position for installation. 
Make sure heat exchang.1 remains balanced in 
selected position. 


NOTE 


If the heat exchanger does not re- 
main in the desired position, it will 
be necessary to set the heat tx- 
changer down and adjust the cable 
attach points to obtain the correct 
center of gravity. 
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e. Hoist heat exchanger into position, install 
seal (42), and attach forward flanges with 12 
equally spaced bolts and nuts to support heat 
exchanger. Torque nuts until one thread 
(nominal) is visible through nut locking feature. 
Retain shield (40) attached to heat exchanger 
forward fiange. 


NOTE 


Make sure that index marks located 
on turbine exhaust manifold flange 
and heat exchanger flange are 
alined, 


{. Install seal (41), and aline seal and heat 
exchanger flange with turbine exhaust manifold 
flange. Install all bolts and nuts, and secure 
flanges by torquing nuts to 130-140 in-Ib. 


g. Remove heat exchanger sling. 


h. Instal} remaining bolts and nuts, pull heat 
exchanger joint flanges together from partial 
installation of step e, and secure flanges by 
cross-torquing nuts to 130-140 in-Ib. 


i. Instell shield (40), posit‘on cutout on No. 2 
side of engine, and secure shield with coupling. 
Incrementally torque coupling fasteners to 
90 +5 in-Ib. 


j. Install heat exchanger ducts and hoses as 
oullined in paragraph 3-102, steps i through ah, 
as applicable. 


3-103. ALINING CONTROL AND PURGE 
LINES, 


NOTE 


rhis procedure does not apply to the 
igniter fuel supply tube or the engine 
supply tube. Alinement for these 
tubes is oullined in paragraph 3- 104A, 


3-104. A flange-to-component boss alinement 
check of lines listed in figure 3-33 is required 
when specified in other procedures in this 
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section or when any of the individual lines are 
disconnected for any purpose. Alinement is re- 
quired ic prevent excessive stressing of the 
lines during installation. Gages from alinement 
gage set T-5044743 are used to check offset and 
gap. The gap ane offset dimensional Hmits 
listed in figure 3-23 are incorporated in the 
gages. Dimensional limits for angulation listed 
in figure 3-33 are applicable fox use with gages. 
Seal plates with the molded rubber seals re- 
moved may be used to simulate gages if the 
gage set is not available. Offset, gap, and 
angulation dimensional limits listed in figure 
3-33 are applicable when using seal plates as 
gages. The safety and contamination and dam- 
age prevention requirements outlined in section I 
apply to this procedure. The following require- 
ments are applicable to obtain alinement. 


(1) Install applicable clamping and 
brackets before making dimensional checks. 


(2) Adjust brackets and claraping to obtain 
alinement, If alinement cannot be obtained in 
this manner, lines not excceding one inch in 
diameter may be re-formed in place by hand. 
Lines exceeding one inch in diamter must be 
removed from engine for reforming, Reform- 
ing must not be performed in shot-peened or 
welded areas of lines. 


(3) Repeat offset, gap, and angul:.tion 
dimensional checks after reforming, 


a. Perform steps b through f if alinement 
gage sect T-5044743 is used. Proceed to step g 
if gage set is not available and seal plates with- 
out moldect rubber seals are used, 


b. With joint disconnected and seal plate 
removed, install appropriate gage from aline- 
ment gage set T-5044743, 


c. Measure positive gap betwee, connector 
and alinement gage with a feeler gage, 


NOTE 


A negative gap, up to the thickness of 
the alinement gage, can be measured 
using a feeler gage with the aline- 
ment gage removed, The measure- 
ment obtained must be subtracted 
from the alinement gage thickness 

to obtain negative gap. 
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a. Check line offset by visually observing 
that line connector falls within scribed circle 
on alinemont gage. Make this check at 2 points 
90 degrees apart. 


e. Measure angulation with feeler gage at 
point of greatest gap. Opposite side of con- 
nector must be in contact with alinement gage 
when taking measurements, Angulation Limits 
are listed in figure 3-33, 


f, Remove alinement gage, install seal 
plate, and connect line. Cross-torque fas- 
teners, and install safetywire. Use torque 
and safetywire methods as outlined in section I. 


NOTE 


Steps g through m aline lines using 
the alinement seal plates with the 
molded rubber seals removed, 


g. With joint disconnected and sea) plate 
removed, install appropriate alinement seal 
plate. 


h. Measure positive gap between connector 
and alinement seal plate with a fecler gage, 


NOTE 


A negative gap, up to the thickness 
of the alinement seal plate, can be 
measured using 2 feeler gage with 
the plate removed. The measure- 
men obtained must be subtracted 

from the plate thickness to obtain 

negative gap. 


i. Measur> offset of line at connector using 
a depth micrometer with a flat, rotatable blade. 
Insert blade between swivel! flange and mount- 
ing boss to engage connector circumference. 
Record measurement. 


NOTE 
A gage bluck placed against the 
body of the mounting bass will 


provide a firm, flat surface for 
the fout of the depth micrometer. 


j. Measure offset of lines at a point 90 de- 


grees from that used in step i. Record 
Tneasurement, 
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LINE END 
CONNECTOR 


ALINE MENT 


ALINEMENT GAGE 


GAUE- a 
orraet—-| boas (+) GaP ANGULATION 
m : __. |. ZERO 
. ~ 


Nese OF CONTACT 


DURING MEASUREMENT 


WINE END 
CONNECTOR - 


MOUNTING 


SCRIBED 
CIRCLE <--" 


—_ 


ALINEMENT ee 


GAGE ——— 


ae a a a  eneasinaintandembemremmrannaneetara ee 


Offset Gap Angulation fa) 
(inch) (inch) (inch) 


Joint 
Line Location 


a A LAE RE ll! Sonia 


No, 1 fuel valve open No, 1 fuel valve 0,30 10.30 0,017 
contro! tube 


PropeNant valves No. 1 fuel valve 9.02 10, 10 0.009 
close tube 


No. 2 fuel valve open No. 2 fuel valve 0,05 +0,20 0.017 
control tube 


Propellant valves cloge No, 2 fuel valve 0,10 40,20 0.017 
tube 


No. J oxidizer valve No. 1 oxidizer dome purge check 0. 10 +6, 05 0,009 
dome purge tube valve 4 


re) Angulation is determined after line is alined within offset and gap requirements, 


A AANA BO herr TAPE St sneer 
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Section HI 
Paragraphs 3-104A to 3-104b 


— 


Maximum Allowable Limits 


Joint Offset Gap Angulation a 

Line Location (inch) (inch) (inch) 
Sequence valve to No. 1 oxidizer valve se- 0,15 10,30 0,017 
sequence valve line quence valve 
Propellant valves No. 1 oxidizer valve 0,05 +0,15 0,014 
open tube 
No. 2 oxidizer valve No. 2 oxidizer dome purge 0. 40 40,05 0,009 
dome purge line check valve 
Propellant valves No. 2 oxidizer valve se- 0,10 £0, 15 0.017 
open tube quence valve 
Propellant vaives No. 2 oxidizer valve 0,07 10,16 0,011 
open tube 
Propellant valves Ignition monitor valve inlet 0, 05 +0, 02 0.022 
open tube 
Ignition monitor Thrust chamber fuel 0,03 10.10 0,014 
valve sens: tube manifold 
Propellant valves No. 2 oxidizer valve 0.15 30,20 0,024 
close tube 
Igniter fvel supply No. 1 fuel high-pressure 0.10 +0, 100 0,022 
tube duct or nypergol manifold +0.001 
Engine supply tube No, 2 fuel high-pressure 0,05 +0.100 0,020 

duct ov engine control valve +0.001 

Gas generator Gas generator 0,10 40,20 0,017 
system close tube 
Gas ganerator Gas generator 0, 10 10.40 0,054 


system open tube 


(a) “Angulation is determined after line is alined within offset and gap requirements. 


Figure 3-33. 


k. Measure angulation with feeler gage at 


ae TS, 


Control and Purge Line Joint Alinetnent Dimensions (Sheet 2 of 2) 


3-104A. ALINING IGNITER, FUEL SUPPLY 


point of greatest gap. Opposite side of connec- 
tor must be in contact with alinement seal piate 
when taking measurement. 


1. Remove alinement seal plate, install seal 
plate, and connect line. Torque fasteners as 
" required. 


m. Measure offset of line in bolted position 
by repeating steps iandj. The difference be- 
tveen readings laken with connectors bolted in 
place and in the free position is offset misaline-~ 
ment in each of the two axes. Record offset 
inisalinement. 
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AND ENGINE SUPPLY TUDES. 


38-1048, This procedure is performed cnly when 
designated in other procedures in this section, 
or when either of the tubes is disconnected. 
Alinement dimensions are listed in figure 3-33 
for each tube. The following definitions apply 

to this procedure: 


(1) Offset: Lateral misalinement in two 
axes of tube in free position required to install 
bolts. 
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(2) Gap: Distance measured (with tube in 
free position) between eccentric spacer and 
bess with spacer in full contact with tube flange. 


(3) Angulation: Difference between maxi- 
mum and minimum gaps, 


a. Make sure O-rings are removed from 
eccentric spacers and engine connections. 


b. Install eccentric spacers in tube ends, 
aline any marks on flanges and spacers for ini- 
tial alinement, and attach valve end of tube to 
valve. Tighten bolts to obtain metal-to-metal 
contact of flange and boss surfaces. 


ct. Measure gap at duct end of tube. If gap 
meets requirement of figure 3-33, proceed to 
step f£. 


d, Disconnect valve end of tube, rotate 
eccentric spacer 90 degrees, and retighten 
bolts. 


e. Repeat steps c and d until the gap meas- 
urement at duct end of tube is obtained that most 
closely meets the gap requirement specified in 
figure 3-33 for the applicable tube. 


f. Rotate eccentric spacer at duct end of 
tube to obtain minimum offset condition. 


g. Verify offset, gap, and angulation di-~ 
inensions at duct end of tube meet requirements 
of figure 3-33. 


NOTE 


If the requirements of figure 3-33 
are not met, the direction and magni- 
tude of movement required for cor- 
rection must be determined, the tube 
removed, and mechanically reformed. 
For a negative gap condition, the gap 
measurement must be taken with the 
eccentric spacer removed at duct 
end. Steps a through g musl be re- 
peated until the offset, gap, and 
angulation requirements are met. 


h. Using a marking method that can be re- 
moved, mark across joint flanges and eccentric 
spacer flanges. Remove any other markings. 


i. Remove tube and eccentric spacers. Do 
not remove final markings from Manges, 


j. Install tube as oullined in applicable pro- 
cedure. 


Section If 
Paragraphs 3-104C ito 3-104G 


3-104C. IGNITER FUEL SUPPLY TUBE, 


3-104D, REMOVING IGNITEP FUEL SUPPLY 
TUBE. (See figure 3-334.) 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I, 


aA, Using a marking method that can be ra- 
moved, mark across spacer and flanges. 


b, Disconnect flange of tube (1) and remove tube. 


c. Remove O-rings (2) and spacers (3), 
Retain spacers, 


3-104E. INSTALLING IGNITER FURST. SUPPLY 
TUBE. (See figure 3-33A.) Specified lubricating 
procedures (methods) are outlined in section I. 


a, Observe safety, and contamination ana 
damage prevention requirements outlined in 
section J, 


b, Aline tube (1) and spacers (3) as outlined 
in paragraph 3-104A. 


c. Lubricate (Method K) 4 O-rings (2) with 
lubricant grease RB0140-012 (Rocketdyne), and 
install O-rings in spacer and flange grooves. 


CAUTION 
Spacers must not be rotated during 
asselnbly in tube or when tube is 
installed, Damage to O-rings may 
result, 


d, Aline markings on spacers (3) and flanges 
and install spacers in tube (1). 


e. Carefully install tube. Make sure O-rings 
in grooves are in place, and cross-torque bolts 
at manifold end to 60 45 in-lb: then cross-torque 
bolts at duct end to 60 +5 in-lb. 


f, Safetywire bolts and remove markings 
from flanges, 


g. Refer to section [V for post-maintenance 
test requirements, 


3-104F. ENGINE SUPPLY TUBE. 


3-104G. REMOVING ENGINE SUPPLY TUBE. 
(See figure 3-338.) Specified lubricating pro- 
cedures (methods) are outlined in section I. 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section J, 


aA, Using a marking method that can be re- 
moved, mark across spacer and flangea, 


b, Disconnect Manges of tube (1) and remove 
tuhe, 
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tain spacer, P ' , dur! 
* td i + ~ 
d. Remove O-rings (4) and spacer (5). Re- pacers must not be rotated during 


tain spacer. 


e, If tube will he replaced, remove quick- 
disconnect, 


f, Lubricant (Method A) check valve flenge 
closure fasteners with hibricant greage 
RBO140-012 (Rocketdyne). 


3-104H. INSTALLING ENGINE SUPPLY TUBE. 
(See ({gure 3-33B,) Specified lubricating proce- 
dures (methods) are outlined in section J. 


a, Observe safety, and contamination and 
damage prevention requirenients out}ined in 
section I, 


hb. Aline tube (1) and spacers (3, 5) as ott- 
lined in paragraph 3-204A, 


ce. Lubricate (Method K) O-rings (2) with 
lubricant grease RGBO0140-012 (Rocketdyne), 
and install O-rings in groove of spacer (3) and 
in Nange groove, 


ad. iuubricate (Method K) O-rings (4) with 
lubricant grease RBO140-012 (Rocketdyne), and 
install in grooves of spacer (5). 
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assembly in lube or when tube is 
installed. 
result, 


Oamage to O-rings may 


e, Aline markings on spacer (3) and on flange 
at duct end of tube (1) and install spacer in tube. 


{. Aline markings on spacer (5) and on flange 
at valve end of tube and install spacer in tube. 


g. Carefully install tube. Make sure (O-rings 
are in grooves and cross-torque bolts at valve 
end to 85 45 in-lb; then cross-torque bolts at 
duct end to 85 45 tn-lb. 


h. Safetywire bolts and remove markings 
from flanges. 


i, Lf quick-disconnect was removed, reinstall 
quick-disconnect as outlined in paragraph 3-62, 


J. Refer to section 1V for post-maintenance 
test requirements, 
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3-105, FUEL HIGH-PRESSURE DUCT FIT 
CHECK SCK (ENGINES NOT IN! INCORPORATING 
MDI37 ¢ CHANGE), 


3-108. This procedure is performed only when 
designated in other procedures in this section. 
The applicable main fue] valve must be installed 
prior to performing this procedure. Contami- 
nation and damage prevention requirements out- 
lined in section I apply to this procedure. 


NOTH 


The spacing of flange bolts installed 
in this procedure must be approxi- 
mately equal, 


@ Fit-check procedures are the same 
for No. land No. 2 fuel ducts ex- 
cept as noted. 


a. Using a 0.250 10.001 inch thick shim 
(T-5041258, detail 102) to simulate a seai 
plate, install spacer at turbopump outlet flange 
with shim positioned against flange. Make sure 
that flow arrow on spacer points away from 
turbopump and that spacer is rotated to locate 
drivescrew at D degrees counterclockwise from 
maximum forward position of turbopump fuel 
discharge flange, as specified in rigid-duct 
spacer dimension chart in Engine Log Book. 
Secure with 6 bolts. Torque bolts to 400 45 in- 
Ib, 


h. Using applicable handling equipinent from 
Component Handling Fixture Set G4068, posi- 
tion duct to engine. 


c. Install spacer und a 0.250 +0,0012 inch- 
thick shim (T-5043258, detail 102) at the fucl 
valve flange. Place shim between spacer and 
valve flange with narrow flange of spacer facing 
valye flange. 


NOTE 


The spacer driveserew must be posi~ 
tioned in the maximum inboard posi- 
tion, 


d, Position fue! duct centerline as closely 
as possible to centerlines of fuel valve and 
turbopump spacer, Secure cach flange with 6 
bolts, approximately equally spaced. Torque 
fasteners to 400 ¢5 in-lb, and remove handling 
equipment, 


Section III 
Paragraphs 3-105 to 3-106 


ce, Loosen, then torque bolts at fuel va've 
flange to 400 +4 in-lb. 


{, Loosen bolts at duct inlet flange. 


g. Make sure shim is flush against turbopump 
flange ond spacer: then measure and record 
maximum axial gap and minimum gap between 
duct flange and spacer. Record gap locations 
relative to drivescrew. Gap limitations arr as 
follows: 


(1) Maximum gap: 0,040 inch 


(2) Maximum differential gap (maximum 
gap less minimum gap): 0,920 inch 


h. Torgue duct inlet Mange bolts te 400 +5 
in-2b and luvusen bolts ut valve end of duct. 


i. Make sure shim is flush against valve 
flange and spacer; then measure and record 
maximum axial gap and minimum gap between 
duct flange anc spacer. Record gap locations 
relative to drivescrew. Gap limitations are as 
follows: 


(1) No. L fuel duet maximum gap: 0.110 
inch with engine in vertical position or 0,040 
inch with engine in horizontal position 


(2) No. 2 fuel duct maximum gap; 0,060 
inch with engine in vertical position or 0.040 
inch with engine in horizontal position 


(3) Maximum differential gap for No. 1 or 
No. 2 fuel duct: 0.020 inch 


NOTE 


Steps } through rv provide final in- 
stallation and alinement far fuel 
ducts, spacers, and seal plates. 


j. Make sure et bults at valve flanges are 
ean to 400 +5 in-lb. 


k, Mark (2 plares, 90 degrees apart) 
across volute flange and spacer. Use a mark- 
ing method that will allow mark to be removed, 
Do not scribe surfaces, 


S-1f1 
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l Remove spacer and shim at volule, and 
examine all sealing surfaces for damage that 
would impair sealing function. Remove all alin- 
ing sleeves or centering pins. 


m. Install spacer and seal plates with alin- 
ing marks on spacer alined with marks on 
volute flange. Install volute flange bolts, and 
torque bolts to 1,150 te 1,250 jn-th, 


n. Install seal plates, and connect duet 
flange to spacer. Torque bolts to 1,150-1,250 
in-lh. 


a. Mark across valye thinge and spacer using 
method that will allow removal of mark, Do 
nol seribe surfaces, 


p. Remove spacer and shiv at valve Flange. 
Examine sealing surfaces for damage thal would 
impair sealing function. Remove all utining 
sleeves or centering ping, 


q. Insaall spacer and seal plates with mark 
on spacer abined with mark on valve flange, 
Secure joint, and torque bolts to 1, 150-1250 
taeTh, 


ry. Safetywire bolts at volute and duct flanges, 


8s. ltecord final spacer information, as 
specified, in fugine Log Book, 


t. Complete installation ag oullioed in appli- 
cable procedure. 


3-107, OXIDIZER HIGH-PRESSURE DUCT 
EIT CHECK (ENGINES NOT INCORPORA LING 


Mb137 CHANGE). y, 

3-108, This procedure ‘5 performed only when 
designated in other procedures In Uds section, 
‘The applicable main oxidize valve raust be 
installed prior to performing is procedure, 
The safety, and contamination and dannige pre- 
vention requirements outlined in section J 
apply to this procedure. Landing equipment 
required consists of adapter 9025431 (No, 1 
fuel duct), 0025432 (No. 2 fuel duct), and 
fixture 9024921-11 from Component Handing 
Fixture Set G4068. 
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NOTE 


The spacing of Mange bolts installed 
in this provedure must be approxi- 
mately equal, 


e@ Fit-check procedures are tiie same 
for No. land No, 2 oxidizer duets, 


a, Using applicable handling equipment from 
Component Handling Fixture Sel G4068, posi, 
tien app'icable duct between turbopump dis- 
charge ange and oxidizer valve tlanye. 


b. Install spacers and a 0,346 40,001 inceh- 
thick shim (1-504 1252, detail 102) between each 
duct Mange and turbopump and valve flanges. 
Place shims at urbopump and valve flanges. 
Position spacers so that flanges of spacers 
face valve flange and turbopump flange, re- 
spectively, with spacer drivescrews positioned 
fully tewward, 


bA, Vorify torque 1cquired to overcome 
locking feature of nuts when mute are installed 
on volute flange bolts, Torque on a new nut 
must be 15-300 in Ib, ‘Porque on a used nul 
muat be 5-300 In-ib, A nut is considered used 
afler the first turning ef the nut ona bolt. 


c. Positlon oxidizer duct centerline aa closely 
as poasible to centerlines of oxidizer valve and 
turcbopump spacer, Seeure cach Mange with 6 
halts, approximately equally spaced. org. > 
fasteners (o 400 +6 in-th, and renoye handling 
equipment, 


d. Loosen; then torque bolts at oxidizer valve 
flange to 400 45 in-Ib. 


e, Loosen bolts af volute flange. 


{, Make sure shim ts flush with flange and 
Spacer. 


& Measure and record maximiun axial gap 
at widest point and minimum pap between appli- 
eable spacer and duct tlauge. Record ap 
locations relative to drivescrew. Maximuin 
axlal gap for vertical or horizontal assembly 
ig 0.040 tuch, Differential gap (maximum fap 
J@s6 minimum gap) must not exceed 0,020 inch, 


h, Torque bolts al volute flange to 400 45 
in=lb, 


i. Loosen bolts at vaive end flanpe of duct, 


j- Make sure shiin is flush against valve 
fleage and spacer. 
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k, Repeat step g. 


l, Record final spacer information, as speci- 
fied, in Engine Log Book. 


NOTE 


Steps m through u proviue final instal- 
lation and alinement cor oxidizer ducts. 


m, With bolts at voth flanges lorqued to 
400 +5 in-Ib, mavk flanges for location of 
bpacer drivescrews using a marking method 
that allows .aark to be removed. Do not scribe 
surfaces, 


r, Leoasen bolls at both flanges, and remove 
shim and spacer at vale end of duct. 


o, Make sure that all sealing surfacne are 
free of dumage that could fiapair sealing func- 
tion; then Install spacer and pressure-actuated 
Seals between duct and vilve with drivescrew 
of spacer alined with mark on flange, 


p. %Jnstall 6 bolts and washers at valve 
flange. Tighten but do not torque bolts, 


q. Remove shim and spacer at volute, 


r. Make sure that all sealing surfiees are 
free of damage that would {mpalr theie sealing 
function; then install spacer and pressure=- 
actuated seals between duct flange und volute 
with drivescrew of spacer allned with mask on 
flange. Secure flange with 8 bolts. 


s. Torque bolls at valve flange to 400 45 
In- Jb; then torque at volute to same value, 


t. Loosen bolts at volute tlange; then install 
remaining bolts at flange, and crosa-torque 
nuts and bolts secured with threaded brackets 
to 02 45 ft-lb. Safetywire bolts. 


u. Install remaining, bolts at valve Hange, 
and torque to 1,150-1,250 in-Ib. Safetywire 
bolts. Complete installation as outlined in 
applicable procedure, 


3-109. FUEL HIGH-PRESSURE DUCT FIT 


CHECK (ENGINES INCORPORATING MDI37 
CHANGE), ae ae a 


3-110. This procedure is used when designated 
in other procedures in this section, The pro- 
cedure finalizes the alined position of the fuel 


Section ill 
Paragraphs 3-109 to 3-110 


ducts by determining the size, location, and 
position of the spacers used at the volute and 
valve ends of the ducts. The safety, and con- 
tamination and damage prevention requirements 
outlined in section I apply to this procedure, 
The following equipment is required: 


(1) Component Handling Fixture Set G4068 
components: adapter 9025431 (No. 1 fuel duct), 
adapter 9025432 (No, 2 fuel duct), and fixture 
9024921-11. 


(2) Suitable alinement pins to center flange 
boltholes or alinement slecves to center bolts 
in flange holes. 


(3) Dummy seal set T-5041258, 


(4) Selective spacers, part numbers 440835 
and 410836, consisting of the following sizes 
Indicated by the dash number following the basic 
part number, 


Dash Number Tapered Thickness 


(410835-) (Inch) | 
-It 2,562 to 2. 562 
“41 2.562 to 2,552 
-31 2,562 to 2, 562 
«41 2,500 ta 2,490 
Dash Number Tapered ‘thickness 
_(410836- ) (Inch) 
“3 0,880 tu 0,870 
-5 0.8590 to 0,840 
= 0.919 to 0, $60 


NOTE 
The applicable fuel valve must be 
installed to fit-cheek duct, 


a. Refer to Ragine Log Book tor previously 
installed spacer sizes and spacer positioning 
Information, 


b, Note directional arrow on sides of spacers, 
and uge spacers and shims for applicable fuel 
duct as follows: 


(1) No, 1 fuel duct: shim T-5041258, 
detail 102 (0,250 16.0". inch), between spacer 
and fuel volute flange and shim T-5041258, 
detail 105 (0, 180 :0.0601 inch), between fuel 
valve flange and apacer. 
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(2) No, 2 fuel duct: 2 shims T-5041258, 
detail 102 (0,250 40,001 inch), one shim be- 
tween spacer and fuel volute end one shim be- 
tween fue) valve flange and spacer. 


c. Using suitable centering pins or bolts 
with alining sleeves, install shim and spacer 
at fuel volute, Refer to step b for shim and 
spacer loration. Secure with 6 bolts approxi- 
mately equally spaced and torque holts to 
400 35 in-Ib, 


dt. Using applicable handling equipment, 
position fuel duct for installation, Using sult- 
able centering pins or bolts with alining sleeves, 
fasten duct (o spacer installed in step ¢, and 
secure duct flange with 6 approximately equally 
spaced bolts, Torque belts to 400 45 in-Jb. 


e, Using suitable centering pins or bolts 
with alining eleeves, jnslall applicable spacer 
and shim at valve end of duct, and aline with 
valve flange so that 6 approximately equally 
spaced bolts will turn freely when threads are 
engaged in valve body. (Refer to step b Jor 
shim and spacer location, } Tf alinement cannot 
be oblalned, ranke necessary correction at 
volute end of cuct using one or both of the 
fallowing methods: 


(1) Rotation of spacer, 


(2) Replacing spacer with one of a different 
size, 


{. Torque boits at valve ene of duct to 
400 +5 in-Ib. 


g. Loosen flange bolts at volute end of duct, 
remove centering ping or alinement sleeves, 
and retorque bolt to 400 45 in-!b. 


ht. Remove bolis at valve end of ciuct, 


i, Measure and record maximum axtal gap 
and minimum axlal gap betweon valve flange 
and shim. Deters ine maximum differential 
yap (maximum axiil gap less minimum axial 
gap). Rotate or change spacer size, as necces~ 
sary, to meet the following requirements: 


(1) No. 1 fuel duct (valve flange to shim); 
maximum axial gap 0, 180 inch, maximum 
_ differential gap 0.020 inch, 
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(2) No. 2 fuel duct (valve flange to shint); 
maximum axial gap 0,060 inch, maximum dif- 
ferential gap 0, 220 inch, 


NOTE 


If the gap requirements of steps i 
and 1 cannot be met, perform steps 
m through r, as required, 


j. Using 6 approximately equally spaced bolts, 
secure duct, spacer, and shim at valve flange, 
Torque bolts to 400 15 in-tb, 


k, Loogen bolts of volute ead of duct, 


1, Measure and record maximum axial gap 
and nunimum axial gap between duct Mange and 
spacer; then determine maximum differential 
fap (maximum axial gap less minimum axial 
gap), Change spacer, ag necessary, to meet 
requirements, ‘The nmaximum axlal gap for 
either fuel duct (duct Mange to spacer) is 0,040 
inch, Vbe maximum differential jg 0,020 inch. 


NOTE 


Steps m through o, or p through r, 
or both, are performed only if nec- 
essary ta meet gan requirements 
of sleps tand J, 


m, Torque bolts at both duct flanges to 
400 15 in-ib, 


n, Loosen fuel valve flange bolts at fuel 
manifold; then retorque bolts to 400 15 in-Ib. 
Bolts must rotate frenly (with threads engaged) 
when turned by hand, 


Oo. Toosen bolts at duct to valye flange, and 
repeat steps f through I, 


p. Torque Lolte at both duct flanges to 
400 +6 In-lb. 


q. Reraove centering ping or alining siceves 
at volute flange, and lovagen bolts. Make sure 
bolts will rotate freely (with threads engaged) 
when turned by hand; then torque bolts to 
400 16 in-lb, 
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r, Loosen bolts at duct to valve flange, and 
repeat steps i through |. 


8. Record final spacer information, as 
specified, in Engine Log Book, 


NOTE 


Steps ¢ through ab provide final in- 
stallation and alinement for fuel 
ducts, spacers, and seal plates. 


t. Make sure that bolts at valve flange are 
torqued to 400 +4 in-Ib, 


u, Mark (2 places, 90 dezrees apart) across 
volute Nange and spacer. Using a marking 
method that will allow mark to be removed, Do 
not seribe surfaces, 


vy. Remove spacer and slim at volute, and 
examine all sealing surfaces for damage that 
would impair sealing function. Remove all 
alining sleeves or centering pins, 


w. Install spacer and seal plate, with alining 
marks on spacer alined with marks on volute 
Nange. and tab of seal plate positioned forward. 
Install volute (lange bolts, and torque to 1,150- 
1,250 in-Ib, 


x. Install seal plate with tab positioned for- 
ward, and connect duct flange to spacer. Torque 
bolts to 1,160-1,250 In-lb, 


y. Mark across valve flange and spacer 
using method (hat will allow removal of mark, 
Do not seribe surfaces. 


z. Remove spacer and shim at valve Mange. 
Examine sealing surfaces for damage that 
would inipalr sealing function, Remove all 
alning sleeves or centering pins, 


ia, Install spacer and seal plates, with 
mark on spacer alined with mark on valye 
flange and tah of geal plates positioned outward. 
Secure joint, anc torque bolts to 1, 160-1,250 
in- lb, 


ab, Safetywire flange bolts at volute and 
valve, 


abA. If fuel valve to fuel mantfold bolts were 
loosened, torque bolts to 1,150-1, 250 in-lb. 
Safetywire bolts. 


ac. Complete Installation as outlined in 
applicable pronedu.e, 
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3-111. 
CHECK 
CHANGE 
3-112, This procedure is used when designated 
in other procedures in this section, The prace- 
dure finalizes the alined position of the oxidizer 
ducts by determining the size, location, and po- 
sition of the spacers used at the volute and yalve 
ends of the ducts. The safety, and contamination 
and damage prevention requirements outlined in 
section Lapply lo this procedure, The following 
equipment is required: 


(t) Component Handling Fixture Set G4068 
components: adapter 9025433 (No. 1 oxidizer 
duct), adapter 9025434 (No, 2 oxidizer duct), 
and fixture 0024921-L1 (No, Lor No. 2 oxidizer 
duct). 


(2) Suitable aline vent pins to center flange 
boltholes or alinement sleeves to center bolts 
in flange holes, 


(3) Dummy seul set T-504 1258, 


(4) Selective spacers, part number 410837, 
consisting of the following sizes, indicated by 
the dash number following the basi¢e part number, 


Dash Number 


OXIDIZER HIGH- PRESSURE DUCT FIT 


RAS rt rm me ee i 


ENGINES INCORVORATING MD137 


SG Aa He athe NR Tes % SE 


Tapered Thickness 


_(410837-)} (Inch) 
-3 0,800 to 0, 700 
-§ 0.830 to 0,820 
“Tt 0.860 to 0,850 
ad) 0.890 to 0,880 
=13 0,920 to 0.910 
«15 0.950 to 0,940 
-17 0, 980 to 0,970 
-19 1.010 to 1.000 
«23 1.040 to 1,030 
~25 1,070 to 1, 060 
«27 1,100 to 1,090 
-29 1.180 to 1,120 
-33 1,160 to 1.150 
°35 1.190 to 1, 180 
CAUTION 


Component parts must be maintained 
in an oxidizer-clean condition and 
parts handled so ag to preclude 
damage to sealing surfaces. 


NOTE 
The applicable cvidizer valve must 
be installed to ftt-check duct. 


a. Use applicable handling equipment to place 
oxidizer duct in position, 
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b. Refer to Engine Log Book for previously 
installed spacers and spacer positioning infor- 
mation, 


c. Note directional arrow on side of spacers, 
and instal! appropriate spacer at each end of 
duct in exact pasition as recorded in bugine Log 
Book. Use one shim T-5042158, detail tol 
(0.346 10.001 inch), between spacer and volute 
flange and one shim between spacer and valve 
flange, Aline flanges, spacery ind shims at 
valve using 2 suitable centering pins or bolts 
with alining sleeves, 


d. Secure joint at valve using 6 approximately 
equally spaced bolts, Bolts must turn freely by 
hand with threads engaped. ‘Tighten, but do not 
torque bolts or remove centering devices, 


e. Remove handing equipment, and check 
alinerient of boltholes at volute flange joint by 
Installing G approxtnatet equally spaced bolts, 
If bolts cannot be installed and rotated freely 
by hand, correct ahnement by replacing valve 
spacer with a spacer size that will provide cor- 
rect alinement, Use handling: equipment if 
required. 


f. ‘Torque bolts at valve flange to 400 15 in- 
Ib. 


NOTE 


ifthe pap requirements of steps fr 
through k cannot be met, steps | 
through n may be performed. 


gz. Mensure and record maximum and mint- 
mum axial paps al volute end of duct between 
duct dange and spacer, Make sure that no gap 
exi 's between volule flange, shim, and spacer 
Ww measurements ave made. Maximum axial 
gap must not exceed 0,040 inch, If maximum 
axial gap exceeds 0,040 inch, rotate volule 
spacer to position spacer notch at location of 
maximum axial gap; then repeat measurements, 
MW acceptable maximum gap cannot be obtained, 
rotate or replace spacer, as necessary, to 
meet requirements. 


h, Determine maximum differential gap 
(maximum axial gap less minimum axial gap). 
Maximum differential gap muat not excced 
0.020 inch, ‘ 


hA, Verify torque required to overcome 
locking feature of nuts when nuts are installed 
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on volute flange bolts, Torque on a new nut 
must be 15-300 in-lb, Torque on a used nut 
must be 5-300 in-Ib, A nut is considered used 
after the first turning of the nut on a bolt. 


i. Torque bolts at volute flange to 4C 15 in- 
tb, and loosen bolts at valve flange. Remove 
valve Mange alinement sleeves or centering pins, 
as applicable, Make sure that valve flange bolts 
(with threads engaged) rotate freely when turned 
by hand, If bolts do not rotate freely, repeat 
steps d through huncil required condition is 
obtained. 


j. Measure and record maximum and mini- 
mun axial gaps between valve Qange and shim. 
Make sure that no gaps exist between duct flange, 
spacer, and shim when measurements are made, 
Maximum axial gap must nol exceed 0, 040 inch, 
if maximum axial gap exceeds 0,040 inch, rotate 
spacer to position noteh cf spacer at location of 
maximum axial gap and repeat measurenents, 

If acceptable maxinvum gap eannol be obtained, 
rotate or replace spacer, as necessary, and 
repeat measurements, 


k. Determine maximuns differential gap 
(maximum axial gap less minimum axial gap), 
Maximum differential gap must not excecd 0, 020 
inch. 


NOTE 
Steps | through n are performed only 


If the pap requirements of steps ¢ 
through k were nol abtained, 


l. Make gure that 6 bolts at each end of duct 
are torqued to 400 +5 In-lb. 


m. Loosen bolts at oxidizer valve to oxidizer 
dome flange; then retorque bolts to 1,150-1,250 
in-lb, Safetywire bolts, and install aluminum 
seal on safetywire, 


h. Repeat steps a through k, as necessary, 
until dimensional requirements can be obtained. 


Oo. Record final spacer information, as 
specified, in Engine Log Book. 


NOTE 
Steps p through y provide fingt jn- 


stallation and alinement for oxidizer 
ducts, 


p. With bolts at both flanges torqued to 
400 45 in-lb, mark fianges for location of 
spacer notches using a marking method that 
allow mark tu be removed. Do not seribe 
surfaces. 
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q. Loosen bolts at both flanges, and remove 
shim and spacer at valve end of duct. 


r. Make sure that all sealir.g surfaces are 
free of damage that could impair sealing func- 
tion; then instail spacer and pressure-~actuated 
seals between duet and valve with notch of 
spacer alined with mark on flange. 


s. Install 6 bolts and washers at valve flange 
using 2 alining sleeves on bolis 180 degrees 
apart, Tighten but do not torque bolts, 


t, Remove shim and spacer at volute. 


u. Make sure that all sealing surfaces arc 
free of damage that would impair their sealing 
function; then install spacer and pressure- 
actuated seals between duct Mange and volute 
with mark on spacer alined with mark on 
tlange., Secure with 6 bolts, 


¥. ‘Torque bolts at valve flange to 400 +5 in- 
tb; then torque bolts at volute to same value, 


w. Loosen bolts at valve Mange, remove 
sleeves from bolts, then torque bolts to 400 15 
in- lb, 


x. Loosen bolts at volute flange; then install 
remaining bolts at flange, and cross-torque 
nuls and bolts secured with threaded bracket to 
(1245 ft-lb. SYafetywire bolts not secured with 
nuts, 


vy. Ingtall remaining bolts at valve Mange 
and torque to 1,350-1,250 in-lb. Safetywire 
bolig, and complete installation as outlined in 
applicable oxidizer duct procedure. 


NOTE 


Hf the minimum thickness of the 
spacer at the valve flange is 0, 903 
tneh or le. +, additional washors 
409203 must be used under the bolt- 
head. 


3-113, FURL HIGH-PRESSURE DUCT 
SPACERS AND SEAL PLATES, 


3-114, Fuel duct spacers and/or seal plates 
may be replaced, The spacers must be the 
same size ind installed In the same position as 
recorded in the Engine Log Book. 


Section JI 
Paragraphs 3-113 to 3-119 


3-115. REMOVING FUEL HIGH-PRESSURE 
DUCT SPACERS AND SEAL PLATES, 


a. Mark acroas flanges of applicable joint 2 
places, 90 degrees apart, using markings that 
can be removed, Do not scribe, 


db. Refer to applicable fuel duct removal 
procedure and disissemble applicable joint, 


3-116. INSTALLING FUEL HIGH-PRESSURE 
DUCT SPACERS AND SHAL PLATES, 


a. Install new spacer and/or seal plates 
using 2 bolts with alining sleeves or alining pins 
to aline flanges, spacer, seal plates, and flange 
marks, Make sure that seal plate labs are 
positioned forward at volute joints and outward 
at valve joints and that spacer is positioned as 
recorded in Engine Loy Book, 


b. Install § bolts at Mange and tighten lo 
maintain alinement; then remove alining ping or 
bolts with alining sleeves, 


ec. Install remaining fasteners at joint, and 
cross-torque fasteners to 1, 1$0-1,250 in-Jb, 
Safetywire fasteners, 


d. Refer to applicable fuel duet Installation 
procedure and install remaining parts at appli- 
cable joint. 


@. Refer to section TY for post-maontenance 
test requirements, 


3-117, FURL VALVE TO FURL MANIFOLD 
ORIFICE PLATE, 


3-118. rhe orifice plate between eithor fuel 
valve and the thrust chamber fue} manifold mity 
be replaced, 


3-119, REMOVING PUBL VALVE TO FUEL 
MANIFOLD ORIFICE PLATE, 


at. Stypport applicable fuel valve to maintata 
alinement of manifold and valve flanges when 
joint is disconnected, 


b. Refer to applicable fuel valve removal 
procedure and disassemble joint, as required, 


c. Remove crifice plate. 
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Section TH 
Paragraphs 3-120 to 3-.129 


3-120, INSTALLING FUEL VALVE TO FUEL 
MANIFOLD ORIFICE PLATE. 


a, Install orifice plate with tab forward, and 
install flange fasteners. 


b, Cross-torque fasteners to 1,1650-1,250 
in-lb. Safetywire fasteners, and install an 
aluminum seal on lockwire, 


c. Reinstall parts removed to disassemble 
joint as outlined in applicable fuel valve instal- 
lation procedure, 


d. Refer to section IV fer post-maintenance 
test requirements, 


3-121, OXIDIZER HIGH- - PRESSURE, DUCT 
SPACERS AND PRESSUtE-ACTUATED SEALS, 


3-122, Replacing oxidizer duct spacer and/or 
pressure-actuated seals at the oxidizer cuct 
joints requires removal and installation of the 
applicable oxidizer duct as outsdned in para- 
graph 3-135 ov 3-139. 


3-123, OXIDIZER VALVE TO OXIDIZER 
DOME PRESSURE-ACTUATED SEAL, 


3-124, The pressure-actuated seal between 
elther oxidizer valve and oxidizer dome may 
be replaced. 


CAUTION 


Personne! must not apply welght on 
the oxidizer valve and duct when the 
valve ia disconnected from the oxi- 
dizer dome. 


8-125. REMOVING OXIDIZER VALVE TO 
OXIDIZER DOME PRESSURE-ACTUATED 
SEAL. 


a. Refer to applicable oxidizer valve 
removal procedure ind disassemble joint, 
ay required, 


b. Remove prossure-actuated seal. 
3-126, INSTALLING OXIDIZER VALVE TO 
OXIDIZER DOME PRESSURE-ACTUATED 
SEAL. 


a. Inatall preesure-actuated sea) and flange 
fasteners, 
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b. Cross-torque fasteners to 1, 160-1, 250 
in-lb, Safetywire fasteners, and install an 
aluminum seal on lockwire. 


c. Reinstall parts removed to disassemble 
joint, a8 outlined in applicable oxidizer valve 
installation procedure. 


d. Refer to section IV for post- maintenance 
test requirements. 


3-127. NO, 1 FUEL HIGH-PRESSURE DUCT, 


3-128. Equipment required for removing and 
installing the duet consists of adapter 9025431 
and fixture 9024921-11 from Component Han- 
dling Fixture Set G4068. An alternate proce- 
dure is provided in paragraphs 3-129A and 
3-130A for replacing the No. 1 fuel high- 
pressure duct with the engine positioned 
horizontaly (as in the vehicle) and with (he 

No. Land No. 2 oxidizer high-pressure ducts 
and the No. 2 fuel high-pressure duct installed. 


3-129, 
PRESSURE UCT. 


REMOVING NO. 1 FUEL HIGH- 
(See figure 3-34. } 


WARNING 


Component Handling Fixture Set 
G4068 must be operated by auth- 
orized personnel trained in the use 
of the equipment, 


a. Observe contamination and damage pre~ 
vention requirements outlined in Section I. 


b. Disconnect thermal insulatioa bracket (1), 
Secure strut clear of duct flange. 


¢. Disconnect bracket (1A) from bolthead. 


d, On engines not incorporating MDJS0 
change or MD151 change, remove tube (2) and 
seals (3). On engines incorporating MD150 
change or MD18$1 change, remove tube (2A) and 


seals (3A). 


e. If fuel duct 1% to be replaced, remove 
elbow (4), nut (5), ring (6), and gasket (7). 


{. Remove support (8), 


i Remove tube (0), seals (3), and support 
10}, 
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Figure 3-34. No. 1 Fuel High-Pressure Duct 
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Section III 
Paragraph 38-1294 


h. On engines not incorporating MD96 change, 
disconnect clamp (11) and transducer connector 
as outlined in paragraph 3-16. 


i. Remove adapter (12) (with transducer 
attached), seal (13), and bracket (14). 


j. Disconnect 2 brackets (15), clamps (16), 
and brackets (17 through 19). 


k. Remove tube (20), spacer (21), and O- 
rings (22). The same parts are used at hypergol 
manifold end of tube. 


l. If fuel duct is to be replaced, remove 
plate (23) and seal plate (24). 


LA. Disconnect thermal insulation angle 
(22A) from bracket (22B) and remove bracket. 
Retain attaching parts. 


IB. Disconnect thermal insulation stiffener 
(22C). (The stiffener is a part of thermal {n- 
sulation frame 145477 and may be removed 
with the outer portion of the frame.) (Refer to 
R-3806-6. ) 


m. Install adapter 9025431 on fuel duct, and 
rsonnect fixture 0024921-11 to adapter. (See 
figure 3-35.) Mako sure that hoist hook is used 
at proper lift points of Hft fixture. 


n. Noto position of apacers by drivescrow 
or notch locations. Spacer sizes and positions 
are recorded in the Engine Log Book. 


o, Remove fasteners from valve end of duct, 
and remove seal plates (25, 27, figure 3-34) 
and spacer (26). 


p. Romove {fasteners from yolute end of 
duct, remove seal plate (28), and carefully 
romove duct (31). 


gq. Remove fasteners from volute flange and 
remove spacer (29) and seal plate (30). 


r. If duct will be replaced, remove drain 
quick-disconnect from duct, 


$-129A. REMOVING NQ. 1 FUEL HIGH- 
PRESSURE DUCT (ALTERNATE PROCEDURE). 
(Sec figure 3-34.) This procedure ig to be used 
only if the engine is positioned horizontally (as 
in the vehicle) and if the No. 1 and No. 2 oxi- 
dizer high-pressure ducts and the No. 2 fuel 
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high-pressure duct are installed, The location 
and position of the No. IL fuel valve must remain 
the same as in the initial installation, and the 
dash numbers and orientation of duct spacers 
410835 and 410836 must remain unchanged. 


a, Observe safety, and contamination and 
damage prevention requirements outlined in 
section I. 


b. Disconnect thermal insulation bracket (1). 
Secure clear of duct flange. 


c. Disconnect bracket (1A) from bolthead., 


d. On engines not incorporating MD150 or 
MD151 change, remove tube (2) and seals (3). 
On engines incorporating MD150 or MD151 
change, remove tube (2A) and seals (3A). 


e. Remove elbow (4), nut (5), ring (6), and 
gasket (7), 


{, Remove support (8). 


i Remove tube (9), seals (3), and support 
10), 


h. On engines not incorporating MD96 change, 


disconnect clamp (11) and transducer connector 
ap outlined In paragraph 3-16, 


i. Remove adapter (12) (with transducer 
attached), seal (13), and bracket (14), 


j. Disconnect 2 brackets (15), clamps (16), 
and brackets (17 through 19). 


k. Remove tube (20), spacer (21), and O- 
rings (22). fame parts are used at hypergol 
mantfold end of tube. 


kA, Disassemble thermal insulation angle 
(224) and bracket (22B) and remove bracket. 
Retain attaching parts. 


kB. Disconnect thermal insulation stiffener 
(22C). (The stiffener is a part of thermal insula- 
tion frame 145477 and may be removed with the 
outer portion of the frame.) (Refer to 
R-3896-6. ) 


1. Remove plate (23) and seal plate (24). 
m, Mark across valve flange and spacer 


using method that will allow removal of mark. 
Do not seribe surfaces. 


amon 
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n. Remove fasteners from valve end of duct, 
and remove seal plates (25, 27) and spacer (26). 


oc. Removo fasteners from volute end of duct, 
remove seal plate (28) and carefully remove 
duct. (Duct weight is approximately 85 pounds. } 
Do not remove spacer (28) and seal vlate (30) 
from volute end of duct, 


3-130. INSTALLING NO. 1 FUEL HIGH- 
PRESSURE DUCT. (See figure 3-34.) The 
lubricant used in this procedure is lubricant 
grease RB0140-012 (Rocketdyne), unless other- 
wise specified. Specified lubricating procedures 
(methods) are outlined in section I. Where 
multiple fasteners are used at joints, the appli- 
cable torque and safetywiring methods outlined 
in section I must be used. 


a. On engines not incorporating MD137 
change, perform fit check and installation of 
fuel duct (31), spacers (26, 29) and seal plates 
(25, 27, 28, 30) as outhined in paragraph 3-105. 
On engines incorporating MD137 change, per- 
form fit check and installation of fuel duct, 
spacers, and seal plates as outlined in para- 
graph 3-109. Following completion of applicable 
procedure, complete inatallation of remaining 
parts index (1 through 24) as outlined in the 
following steps. 


FIXTURE 


ADAPTER 
O020431 


et 


Pt-3-1-15 


Figure 3-35. Handling No. s * sl 
High- Pressure Duct 


Section I 
Paragraph 3-130 


b, Observe safety, and contamination and 
damage prevention requirements outlined in 
section I, 


c. If fuel duct was replaced, install seal 
plate (24) and plate (23). Cross-torque bolts to 
6045 in-tb. Safetywire bolts. 


d. Aline igniter fuel supply tube (20) and 
spacers (21) to duct (31) as outlined in para- 
graph 3-L04A, 


dA. Lubricate (Method K) 4 O-rings (22) and 
install in flange and spacer grooves. 


CAUTION 


Spacers must not be retated during 
assembly in tube or when tube 1s 
installed. Damage to O-rings may 
result. 


dB. Aline markings on spacers and flanges 
and Install spacers in tube. 


dc. Carefully install tube. Make sure O- 
rings in grooves are in place, and croga-torque 
bolls at manifold end to 60 +5 in-lh; then cross- 
torque bolts at duct end to 60 +5 in-lb. 


dbp. Safetywire bolts and remove markings 
from flanges. 


ds. If stiffener (22C) was removed ag a part 
of thermal insulation fraine 146477, roingetall 
frame portion using information in R-3896-6. 
If stiffener was disconnected only, attach stiff- 
ener to flange boltheads using bolts NAS1095- 13H 
and washers RD153-9004-0002. Lubricate 
(Method A) bolts with thread compound C-5A 
(Folt Products), ‘Torque bolts to 68 37 in-lb, 
Safetywire bolts. 


d¥, Assernble angle (2A) and bracket (228) 
using bolts NAS1004-4H or bolts 
RD1J1- 1009-0411 and washors LD153-00 13-0002. 
If bolts NAS1004-4H are used, lubricate them 
as outlined in step dE. Torque bolts to 68 +7 
in-lb. Safetywire bolts. 


aG. Atlach bracket (22B) to flange boltheads 
using bolts NAS1006-4H and washers 
RD158-9004-0002. Lubricate bolts as outlined 
In step dE. Torque bolts to 68 +7 in-lb, Safety- 
wire bolts. 
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Section DI 
Paragraph 3-130A 


e. Connect brackets (18, 19) to volute flange 
boltheads. Torque bolts to 160-210 in-1b. 
Safetywire bolts, 


NOTE 


If the fuel impeller balance cavity 
supply tube was removed, it must 
be installed as outlined in paragraph 
3-313. 


f. Install brackets (15, 17), 
100 +5 in-lb. Safetywire bolts. 


Torque bolts to 


g. Install harness clamps (16). Torque nuts 
to 24-30 in- Ib. 


h. On engines nct Incorporating MD96 change, 
install bracket (14). Torque bolts to 70 +5 in- 
lb. Safetywire bolts, 


i. On engines not incorporating MD96 change, 
install seal (13) and adapter (12) with Cransducer 
attached. Cross-torque bolts to 70 45 in-Ib. 
Safetywire bolts, 


j. Refer to paragraph 3-17 and connect 
transducer plug and install clamp (11). 


k. On engines not incorporating MD150 or 
MD151 change, install supports (8, 10). Torque 
volts to 22 45 in-lb. Safetywire bolts. 


l. On engines not incorporating MD150 or 
MD151 change, lubricate (Method A) filtings in 
preparation for Installing tube (9), Lubricate 
(Method G) tube (8). Inutal! tube (9) and seals 
(3). Torque tube coupling nuts to 160 +10 in-lb. 
Safetywire coupling nuts, 


m. If elbow (4), mut (5), ring (6), and gasket 
(7) were removed, lubricate (Method J ) gasket 
(7). Lubricate (Method A) elbow (4), and install 
and position elbow for connecting with tube (2), 
Torque nut (5) to 76-100 in-lb. 


n, On engines not incorporating MD150 or 
MD151 change, lubricate (Method A) elbow (4) 
and union in transducer of support (8), Lubri- 
cate (Method G) tube (2). Install tube and seals 
(3). Torque coupling nuts to 160 +10 in-lb. 
Safetywire coupling nuts. 


o. On engines incorporating MD150 or 
M151 change, lubricate (Method A)elbow (4) 
and union at tube junction. Lubricate (MethodG) 
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tube (2A), and install tube and seals (3A). 
Torque coupling nuts to 180 410 in-lb. Safety- 
wire coupling nuts. 


p. Connect bracket (1A) to duct flange bolt- 
head. Torque bracket holt to 17-27 in-Ib. 
Safetywire bolt. 


q. On engines incorporating MD150 or 
MD151 change, attach tube (2, 2A) clamping 
brackets to perimeter of fuel inlet elbow. 
Torque bolts as follows, and safetywire bolta. 


(1) Two brackets at lower end of fuel inlet 
elbow; 260-350 in-lb. Bolts used are fuel inlet 
elbow handling bolts RD111-9001-G018. 


(2) One bracket at fuel inlet elbow flange 
bolthead; 30-40 in-lb. 


r. Install thermal insulation bracket (1). 
Lubricate (Method A) bolt with thread compound 
C-5A (Felt Products). Torque bolt to 68 47 
in-lb, Safetywlre bolt, 


rA. if duct was replaced, install drain quick- | 
disconnect as outlined in paragraph 3-60. 


4. Rofer to section IV for poat-maintenance 
test requirements. 


3-130A. [NSTALLING NO. 1 FURL HIGH- 
PRESSURE DUCT (ALTERNATE PROCEDURE). 
(Sue flyure 3-34.) This procedure Is to be used 
only If the engine is positloned horizontally (ag 
in the vehicle) and if the No. 1 and No. 2 oxi- 
dizer high-pressure ducts and the No. 2 fuel 
high-pressure duct are Installed. The location 
and position of the No. | fuel valve muat remain 
the same as in the tnitial duct installation, and 
the dash numbers and orientation of duct spacers 
410835 and 410836 must remain unchanged. The 
Jubricant used in thig procedure ts lubricant 
prcage RBO140-012 (Rocketdyno), unless other- 
wise specified. Specified lubricating (methods) 
are outlined in section lL. Where multiple fus~ 
teners are used at joints, the applicable torque 
and safetywiring methods outlined in section I 
muat be used. 


a. Observe gafety, and contamination and 
damaye prevention requirements outlined in 
section I. 


b. Manually position fuel duct for installation. 
(Duct weight is approximately 85 pounds. ) 
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c. Install spacer (26) and seal plates (25, 27) 
with mack on spacer tod fuel valve flange alined 
and tab of seal plates positioned outward at fuel 
valve end of duct. Install 8 approximately | 
equally spaced bolts. Do not torque bolts, If 
replacement of spacer (26) is necessary, refer 
to Engine Log Book for spacer orientation, 


d. Ingtall seal plate (28). Check allnement 
of boltholes at volute end of duct. Reposition 
duct, as required, to obtain alinement of bolt- 
holes at both ends of duct. Bolts must turn 
freely by hand when threads are engaged. In- 
stall and cross-torque all bolts to 1, 150-1, 250 
in-lb. Safelywire bolts at volute end and fuel 
valve end of duct. 


e. Install seal plate (24) and plate (23). 
Cross-torque bolts to 6045 in-lb. Safetywire 
holts. 


f, Aline igniter fuel supply tube (20) and 
spacers (21) 10 duct (31) as outlined in para- 
graph 3-104A, 


fA. Lubricate (Method K) 4 O-rings (22) and 
install in flange and spacer grooves. 


CAUTION 


Spacers must not be rotated during 
agsembly in tube ar when tube ig 
installed. Damage to O-rings may 
result. 


fB. Aline markings on spacers and flanges 
and install spacers in tube. 


fC. Carefully install tube. Make sure 
O-rings in grooves are in place, and cross- 
torque bolts at manifold end to 60 +6 in-lb; then 
cross-torque bolts at duct end to 60 +5 in-Ib. 


{D. Safetywire bolts and remove markings 
from flanges. 


f—. Tf stiffener (28C) was removed as a part 
of thermal insulation frame 145477, reinstall 
frame portion using information in K-3896-6. 

If stiffener was disconnected only, attach stiff- 
ener to flange boltheads using bolts NAS1005-13H 
and washers RD153-9004-0002. Lubricate 

(tM athod A) bolts with thread compound 

C-5A (Felt Products). Torque bolts to 68 +7 
in-lb, Safetywire bolts. 


fF. Assemble angle (22A) and bracket (22B) 
using bolts NAS1004-4H or bolts 
RDi11- 1009-0411 and washers L19153-0013-0002, 
If bolts NAS1004-4H are used, lubricate them 
ag outlined in step fE. Torque bolts to 68 +7 
in-lb, Safetywire bolts. 


fG. Attach bracket (22B) to flange bollheads 
using bolts NAS1005-4f and washers 
RD153-9004-0002. Lubricate bolts as outlined 
in step fE. Torque bolts to 68 47 in-lb. Safely- 
wire bolts, 


g. Connect brackets (18, 19) to volute flange 
boltheads. Torque bolts to 160-210 in-lb. Safety- 
wire bolts. 


NOTE 


If the fuel impeller balance cavity 
supply tube was removed, it must 
be Installed as outlined in paragraph 
3-313. 


h. Install brackets (15, 17). 
100 468 in-lb. Safetywire bolts. 


Torque bolts ta 


i. Install harness clamps (19). 
to 24-30 in-ib, 


Torque nuts 


j. On engines not incorporating MD9G change, 
install bracket (14). ‘Torque bolts to 7045 in- 
lb. Sefetywire bolts. 


k. On engines not incorporating MD96 change, 
instatl seal (13) and adapter (12) with transducer 
attached. Crogg-torque bolts to 70 45 in-Lb. 
Safetywire bolts. 


l. Refer to paragraph 3-17 and connect 
transducer plug; install clamp (11). 


m. On engines not incorporating MI150 or 
MD151 change, install supports (8, 10). Torque 
bolts to 22 45 in-lb, Safetywire bolts. 


n. On engines not incorporating MD150 or 
MD151 change, lubricate (Method A) fittings in 
preparation for installing tube (9), Lubricate 
(Method G) tube (9). Install tube (9) and seals 
(3). ‘Torque tube coupling nuts to 160 410 in-1b. 
Safetywire coupling nuts. 
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o. Lubricate (Method J ) gasket (7). Lubri- 
cate (Method A) elbow (4), Install gasket (7), 
ring (6), and nut (5) on elbow (4). Install and 
position elbow for connecting with tube (2). 
Torque nut (5) to 75-100 in-lb. 


p- On engines not incorporauing MD150 or 
MD1I51 change, lubricate (Method A) elbow (4) 
and union in transducer of support (8). Lubri- 
cate (Method G) tube (2). Install tube and seals 
(3), Torque coupling nuts to 160 410 in-Ib. 
Safetywire coupling nuts. 


q- On engines incorporating MD150 or 
MD151 change, lubricate (Method A) elbow (4) 
and union at tube junction. Lubricate (Method 
G) tube (2A), and install tube and seals (3A). 
Torque coupling nuts to 160510 in-lb. Safety- 
wire coupling nuts. 


rv. Connect bracket (1A) to duct flange bolt- 
head. Torque bracket bolt to 17-27 in-Ib. 
Safetywire bolt. 


s. On engines incorporating MD150 or 
MD15) change, attach tube (2, 2A) clamping 
biaekets to perimeter of fuel inlet elbow. 
‘Torque bolts as fottows, and safetywire bolts, 


(1) Two brackets at lower end of fuel inlet 
elbow; 260-360 in-lb. Bolts used are fuel inlet 
elbow handling bolts RD14£1-9001-0018. 


(2) One bracket at fuel inlet elbow Mange 
bolthead; 30-40 in- 1b, 


t. Install thermal insulation bracket (1). 
Lubricate (Method A) bolt with thread compound 
C-5A (Fell Products). Torque bolt to 68 27 
in-lb, Safetywire bolt, 


us Refer to section 1V for post- maintenance 
test requirenients, 
3-131. NO. 2 FUEL HIGH-PRESSURE DUCT. 
3-132, Equipment required for removing and 
installing the duct consists of adapter 9025432 
and fixture 9024921-11 from Component Han- 
dling Fixture Set G4068. 


3-133, REMOVING NO. 2 FUEL HIGH- 
PRESSURE DUCT. (See figure 3-36. ) 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section 1. 
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b. Remove thermal insulation frame 145497, 
and retain hardware. (Refer to K-3896- 6, ) 


c. Refer to paragraph 3-210 and completely 
remove duct (1). Retain orifice plate (2). 


d. On engines not incorporating MD150 or 
MD151 change, remove tube (3) and Seals (4). 
On engines incorporating MD150 or MD161 
change, remove tube (3A) and Seals (4A). 


e, If fuel duct is to be replaced, remove 
eibow (5), nut (6), ring (7), and zasket (8), 


cA. Disconnect bracket (8A), 


f, On engines not incorporating MND150 or 
MD151 change, remove support (9), 


g. On engines not incorporating MD150 or 
MD151 change, disconnect bracket (10), and 
remove tube (11), seal (4), and support (12). 


h. Disconnect clamp (193) and connector of 
transducer as outlined in paragraph 3-16, 


i. Remove adapter (14) (with transducer 
attached), seal plate (15), and bracket (16). 


j. Disconnect hose (17), and remove orifice 
plate (18). 


k, Remove tube (19), O-rings (21, 23}, and 
spacers (20, 22). 


1, Install adapter 9025481 on fuel duct, and 
connecl fixture 9024921-11 lo adapter. (Sue 
figure 3-37.) Make sure hoist hook Is used at 
proper lift point of fixture. 


m. Note position of spacers by drivescrew 
or notch location. Spacer sizes and positions 
are recorded in Engine Loy Book. 


n. Remove fasteners from valve end of duct, 
and remove scal plate (24, 26, figure 3-36) and 
spacer (25). 


0, Remove fasteners from volute end of duet, 
remove seal plate (27), and carefully remove 
duct. 


p. Remove fasteners from volule flange, and 
remove spacer (28) and scal plate (29). 


q. If duct will be replaced, remove drain 
quick-disconnect from duct. 
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3-134. INSTALLING NO, 2 FURL BIGH- 
PRESSURE NUCT. (See figure 3-36.) The 
lubricant used in this procedure is lubvicant 
grease 1186140-012 (Rocketdyne), Spec ited 
lubricating procedures (methods) are outlined 
in section I. Where multiple fasteners are ‘sed 
at joints, the applicable forq. 3 and safetywiring 
method outlined in seetion I must be used. 


fuel duct (30), spacers (25, 28), and seai plates 
(24, 26, 27, 29) as oulliner’ i paragraph 3-365. 
On engines incorporating MD137 change, per- 
form fit check and installation of fuvl duct, 
spacers, and seal platee as outlived in para-. 
graph 3-109, Following completion of applicable 
procedure, complete installation of parts in- 
dexed (1 through 23) as outlined in the following 
steps, 


b. Observe ecfety, and contpmination and 
dumage prevention requirements outlined in 
section J. 

ec, Aline ergine supply tube (19) and spacers 
(20, 22) to duct (20) as outlined in paragraph 
3-104A, 
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cA, Tatbricate (Method 4) 2 O-rings (23) and 
jngtall in graoves of spacer (22), 


cB, Lubricate (Method %) 2 O-rings (21) and 
intetal, iu groave of spacer (20)and flange groove, 


CAUTION 


Spacers must nol be rotated during 
asseindly in tube or when tube is 
installed, Damage to Gerings may 
result, 


eC, Aline markings on flanges anc ingtall 
spacers (20, 22) in tube, 


ce, Carefully install tube, Make sire Q- 
rings in gecoves are in place, and cross-torque 
bolts at valve end to 65 +5 in- lb; then cross- 
torque bolts at cluct end to §5 +5 in-Th, 


ck, Safotywire bolts and reiove markings 
trom flenges, 


d, Instatl ovifice phite (8) and hose (17), 
Cross-torque hojis to 49 42 in-|b. Safetywire 
bolts and install an aluminum seal on lockwire. 

NOTE 
If hose (17) was removed, it musi be 
routed between the turbopurap strat 
and the wire group that parallels the 
strut when reiiustatied., Hose bend 
radii for tastallation is 1,50 inches 
minimum. Braid bulge must not 
extend beyond the hex Mat dimension 
of the braid retaining collar. 


e, inestoli bracket (16), Cross-torque bolts 
to lu) 2S in-Ib, Safetywire bolts. 


1. Jastall seal plate (15) and adapter (14) 
with transducer attached, Torque bolts to 
70 45 in-lb, Safelywire bolts, 


g. Refer to paragraph 3-17 and comiect 
transducer plug and install clamp (13). 


fA. Attach bracket (8A)at volute flange bolthcad., 
Torque bolts to 90-106 jn-Ib. Safetywire bolls. 


h, On enzincs not incorporating MD150 or 
MD1i51 change, install support (12). Torque 
bolfg to 22 15 in-lb. Safetywire boits, 


i. Latbricate (Method A) threads of fittings 
in preparation to install tube (11), 


j. Uubricate (Method G) tube (11), 
seals (4) amt tube (11). 
nuts to 160 110 ig-to, 


Install 
Torague tube coupling 
Safety vice coupling nuts, 


¥ cate (Method G) cube (3). 
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k. Attach bracket (10) at volute flange bolt- 
head. Torque bolts to 90-100 in-lb. Safelywire 
halt, 


l. 1f elhow (5), nut (6), ring (7), and gasket. 
(8) were removed, lubricate (Method J ) gasket 
Iatbricate (Method A) elbow (5). Install 
and posilion elbow for connecting tube (3, 3A). 
Torque nut (6) to 75-100 in-Ib, Safetywire nut. 


m, On engines not incorporating MDi950 or 
MD151 change, lubricate (Method A) union in 
transducer in sunnort (9) and elbow (5). Lubri- 
Install seals (4) and 
lube (3). Torque Lube coupling nuts to 160 +10 
in-lh. Safetywire coupling nuts. 


n. On engines incorpovating MDI50 or 
MD151 ¢ hange, lubric ate (Mothod A) union at 
e@ jul Lubricate (Mcthod 
G) tube (3A). Instlah seals (4A) and tube. 
Torque tube coupling auts to 160410 in-Ih. 
befatywire coupling nuts. 


o. Fasten bracket supporting tube (3, 3A) 
to flange bolthead. Torque bolt tu 90-100 in- 1b, 
Safety wire bolt. 


p. Completely install duct (1) aud retained 
orifice plate (2) as outlined in paragraph 3-229. 


q. If duct was replaced, install drain quick- 
disconnect as outlined in paragraph 3-60, 


r, Reinstall thermal insulation frame 
145497. (Reiter to R-9d96-6. } 


s. Refer to section 1V for post-mainienance 
test requirements. 


3-135. NO. 1 OXIDIZLR HIGH- PRFSSULNE 
DUCT, 
3-136, Equipment required for removing and 


installing the dact consists of adapter 9025433, 
fixture 9024921-11, and sicut 9025193 from 
Component Handling Fixture Set G4068. 


3-137. REMOVING NO. 1 OXIDIZER HIGH- 
YRESSURE DUCT. (See figure 3-38. ) 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section [. 


Section if 
Paragraphs 3-135 to 3-137 


aA. Pemove thermal insulation frame 145325. 
(Refer toR-3896-6, ) 


b. Disconnect thermal insulation bracket (1), 
Secure strut clear of duct flange. 


c, On engines not incorporating MD141, 
MD150, or MD151 change, remove tube THA) 
and seals (2) fram support (3) and union (4). 
Remove union (4) und seal (13) if duct is to be 


replaced, 


d. On engines incorporating ME 141 change 
and not incorporating MID150 or MD151 change, 
remove tube (5), seals (6), bolt (7), fitting (8), 
and seais (9). 


¢. On engines incorporating MDL5Q or 
ae change, remove tube (10) and seals 
(11,°T2). If duct is to he replaced, remove 


aoa (4) and seal (18). 


f, On engines not incorporating MU] 4 50 or 
MD151 change, remove support (3). 


g. On engines not incorporating MD140 or 
MD151 change, remove tube (14), seals (2), 
and support (15). 


h. Disconnect bracket (16) from Mange bolt- 
heads. 


NOTE 
Steps i through L apply to engines not 
incotporating MD956 change. Steps 
m through o apply to engines incorpo. 
rating MD96 change, 


j. Disconnect connector from transducers 
(17, 18) ag outlined in paragraph 3-16. 


j. Disconnect bracket (19) from flange bolt- 
head, and rernove tube (20) and seal (21). 


k, Disconnect bracke' (24) from bracket (23), 
if required, to clear harnesses. 


l. Remove bracket (23, 24). 


m. Remove transducer (25) 25 outlined in 
paragraph 3-63, 


n. Disconnect bracket (26) from bracket (27), 
if required, to clear harnesses, 
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(a) Engines not incorporating MD141, MD150, or MD151 change 
(b) Engines not incorporating MD150 or MDi31 change _ 


(c) Engines not incorporating MD[4i change 
(d) Engines incorporating MD141 change 


{e) Engines incorporating MD150 or MD151 change 


(£) Engines not incorporating MD96 change 
(g) Engines incorporating MD96 change 


GATE SR 


©. Remove brackets (27, 28). 


oA. Disconnect thermal insulation bracket 
(28A) from frame. Remove bracket and plate 
(288). Retain attaching parts. 


p. Disconnect line (29) and harness (30) 
from bracket (31), and remove bracket (31). 
Leave clamps installed on line and harness. 


q. Install adapter 9025433 on duct, and 
install fixture 9024921-11 on adapter. (See 
figure 3-39.) Make sure that hoist hook is used 
at proper lift points of lift fixture. Strut 
9025193 must he installed to support turbopump 
if joints of Nu. 2 oxidizer high-pressure duct 
and valve are not intact. 


r. Note location of spacers by driveacrew 
or notch position. Spacer sizes and positions 
are noted in the Engine Log Book. 


s. Remove fastener at volute flange, and 
remove pressure-actuated seal (32, figure 3-38), 
Apacer (33), and pressure-actuated seal (34). 


t. Remove fasteners at valve flange, and 
remove pressure-actuated seal (35), spacer 
(36), and pressure-actuated seal (37). 


u. Carefully remove oxidizer duct (38). 


ooo 


Figure 3-38. No. 1 Oxidizer High-Pressure Duct (Sheet 2 of 2) 


ADAPTER 
9025433 - 


Figure 3-39. Handling No. 1 Oxidizer 
High-Pressure Duct 
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3-138, INSTALLING NO. 1 OXIDIZER HIGH- 
PRESSURE DUCT. (See figure 3-38.) The 
lubricant used in this procedure is lubricant 
grease RE0140-012 (Rocketdyne), unless other- 
wise specified, Specified lubricating procedures 
{methods) are outlined in section I. Where 
multiple fasteners are used at joints, the appli- 
cable torque and safetywiring methods outhned 
in section I must be used. 


a. On engines not incorporating MD137 
change, perform fit check and installation of 
duct (38), pressayre-actuated seals (32, 34, 35, 
37), and spacers (33, 36), asoutlined in para- 
graph 3-107. On engines incorporating MD137 
change, perform fit check and installation of 
duct, pressure-actuated seals, and spacers, 
as outlined in paragraph 3-111. Following 
completion of applicable procedure, complete 
installation of remaining parts indexed (1 through 
31) as outlined in the fol'owing steps. 


b. Observe safety, and contamination and 
damage prevention requirements oullined in 
section I. 


e. Install bracket (31). Torque bolts lo 
75 25in-lb, Safetywire bolts. 


d. Secure harness (30) and line (29) to 
bracket (31), Torque nuts to 8-10 in-lb. 


e. On engines incorporating MD86 
change, install bracket (27). Torque bolts to 
7045 in-lb. Safetywire bolts, If bracket (26) 
was disconnected from bracket (27), install 
bracket (26) and torque nuts to 95-105 in-Jb. 


eA. Install thermal insulation bracket (28A) 
on frame. Torque nuts to 68 +7 in- Ib. 


eB. Using thread compound C-5A (Felt 
Products), lubricate (Method A) bolts used 


to attach bracket (284) and plate (288) to flange . 


boltheads. 


eC. Instali plate (28B) and torque bolts to 
6847 in-lb. Safetywire bolts. 


f. If bracket (28) was not instalied during 
duct fit check and installation, install bracket 
J with flange bolts and torque bolts to 9245 ft-lb, 
Safetywire bolts, 


g- Install transducer (25) as outlined in 
paragraph 3-66. 
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NOTE 


Steps ii through | apply to engines 
not incorporating MD96 change. 


h. Install bracket (23). Torque bolts to 
100 25 in-lb. Safetywire bolts. 


NOTE 


Bracket (24) was installed as part 
of duct alinement and installation. 


i. If bracket (22) was removed from bracket 
(23), install bracket (22) and torque nuts to 
70 45 in-Ib. 


j. Install seal (21) and tube (20). Torque 
bolts to 70 4+5in-lb. Safetywire bolts. 


k. Connect bracket (19) to flange bolthead. 
Torque bolt to 100 45 in-lb. Safetywire bolt. 


l. Install transducers (17, 18) as outlined in 
paragraph 3-66. 


m. Install bracket (16). Torque bolts to 
100 45 in-lb. Safetywire boits. 


n, On engines not incorporating MD150 or 
MD:151 change, install support (15). Torque 
bolts: to 22 45in-lb. Safetywire bolts. 


o. Lubricate (Method G) tube (14). Lubricate 
(Mett od A) unions for tube (14). Install seals (2) 
and tube (14). Torque coupling nuts to 160 +10 
in-lb, and safetywire coupling nuts. 


p. On engines not incorporating MD141 
change, lubricate (Method J) seal (13) and 
lubricate (Method A) union (4). Install union 
and seal, and torque union to 55-80 in-Jhb. 
Safety wire wnion. 


(11, 12) and tube (10). Torque tube coupling 
nuts to 160 410 in-lb. Safetywire coupling nuts. 


r. On engines incorporating MD141 chenge 
but not incorporating MD150 or MDI41 change, 
lubricate (Method J) seals (9). Gubricate 
(Method G) tube (5). Install seals (8), fitting 
(8), seals (6), and tube. Positiun fitting to aline 
with tube (5). Torque bolt (7) to 55-80 in-Iband 
tube coupling nuts tu 160 410 in-ib. Safetywire 
bolt and coupling nuts. 
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s. On engines not incorporating MD141, 
paatece or MD151 change, lubricate (Mféthod 

J st al (13). Lubricate (Method A)union (4) 
and libricate (Method G) tube (1A). Install seal 
(13} snd union (4), Torque union (to 55-80 in-lb, 
Install scals (2) and tube (1A), Torque tube 
coupling nuts to 160 410 in-tb. Sufetywire 
union and coupling nuts. 


t. Lubricate bolt as outlined in step e3; then 
insfall thermal insulation bracket (1), Torque 
bolt to 68 +7 in-tb. Safetywire volt. 


tA. Install thermal insulation frame 145325, 
(Refer to R- 3896-6. ) 


u. Reter to section IV for post-maintenance 
test requirements. 


3-138. NO. 2 OXIDIZER HIGH-PRESSURE 
DUCT, ere 


3-140. Equipment required for removing and 
installing the duct consists of adapter 9025434, 
fixture 9024921-1], and strut 9025193 from 
Component Handling Fixture Set G4068. 


3-141. 
PRESSURE DUCT. 


REMOVING NO. 2 OXIDIZER HIGH- 
(See figure 3-40. ) 


a. Observe safety, and contamination and 
damage prevention requirements ouflined in 
section 1. 


b. Remove thermal insulation support 
145324-11. (Refer to R-3896-6. ) 


hA. Mark position of thermal insulation 
bracket (18A) tu frame. Remove bracket and 
serrated washers, Washers are installed he- 
tween bracket (J8A) and bracket (19). 


c. Remove tube (1) and seals (2). Discon- 
nect bracket (3) from flange boltheads. 


d. On engines not incorporating MD150 or 
MD151 change, remove support (4), 


e. If duct is to be replaced, remove bolt (5), 
seal (6), and fitting (7). 


f. Disconnect duct (8) and remove seal (9), 
orifice plate (10), and scoop (11). 


g. Jisconnect tuve (12) and remove seal (13). 


Section II 
Paragraphs 3-139 to 3-142 


h. Remove brackets (14, 15, 16). 
i. Disconnect line (17) and harness (18) 
from bracket (19); then rcmove bracket (19). 


j. Install adapter 9025434 on duct, and install 
fixture 9024921-11 on adaplor. (See figure 
3-41, ) Make sure that hoist hook is used at 
proper lift points of lift fixture. Strut 9025193 
inust be installed to support turbopump if joints 
of No. 1 oxidizer high-pressure duct and valve 
are not intact. 


k. Note location of spacers by drivescrew 
or notch position. 


lL. Pisconnect duct at volute, and remove 
pressure-actnated seal (20, figure 3-40), spacer 
(21), and pressure-actuated seal (22), 


m. Disconnect duct at valve, and remove 
pressure-actuated seal (23), spacer (24), and 
pressure-actyaled seal (25), 


n. Carefully remove cuct (26). 


3-142. INSTALLING NO 2 OXIDIZER HIGH- 
PRESSURE DUCT. (See figure 3-40.) The 
lubricant used in this procedure is lubricant 
grease RBO140-012 (Rocketdyne), unless other- 
wise specified. Specified lubricating procecures 
(methods) are outlined in section I. Where 
multiple fasteners are usedl at joints, the appli- 
cable torque and safelywiring methods outlined 
in section I must be used. 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
saction I. 


b. On engines not incorporating MD137 
change, perform fit check and installation of 
duct (26), pressure-actuated seals (20, 22, 23, 
28), and spacers (21, 24) as outlined in para- 
graph 3-107. On engines incorporating MD137 
change, perform fit check and installation of 
duct, pressure-actuated seals, and spacers as 
outlined in paragraph 3-111. Following com- 
pletion of the applicable procedure, complete 
installation of remaining parts indexed (J 
through 19) as outlined in the following steps. 


c. Install bracket (19). Torque bolts to 
7545 in-lb. Safotywire bolts. 
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FIXTURE 
9O2492t-11 


ADAPTER 
9025434-———.. 


Figure 3-41. 
High-Pressure Duct 


Handling No. 2 Oxidizer 


cA. Install thermal insulation bracket (18A) 
to frame. Aline bracket to position marked 
during removal, and torque nuts to 68 #7 in-ib, 


cB. Install serrated washer between bracket 
(18A) and bracket (19). 


eC. Lubricate (Method A) bolt with thread 
compound C-5A (Felt Products) and secure 
bracket (18A) to lange bolthead. Torque bolt 
to 68 37 in-Ib, Safetywire bolt. 


d. Altach harness (18) and Une (17) to 
bracket (19). Torque nuts to 8-10 in-Ib. 


e. Install bracket (16). 
Ves £5 dn-lb. 


Tarque bolts lo 
Safetywire bolts. 


f. If not installed during duct fit check and 
installation, install bracket (15) with flange 
§ bolts. Torque bolts to 92 45 ft-lb. Safetywire 
bolts. 


zg. Install bracket (14). 
80 45 in-lh. 


‘Torque bolts to 
Safetywire bolts, 


Section II 
Paragraphs 3-143 to 3-144 


h. Install seal (13) and tube (12). Cross- 
torque bolts to 7045 in-lb. Safetywire bolts. 


i. Install scoop (11), orifice plate (10), and 
seals (9). Connect duct (8) and cross-torque 
bolts to 350210 in-Ilb. Safetywire bolts, and 
install an aluminum seal on lockwire. 


j. lf parts indexed (5through 7) were removed, 
lubricate (Method A)bolt (5) and fitting (7), In- 
stall seals (6), fitting, and bolt. Position fitting 
to aline for tube (1). Torque bolt to 55-80 in-lb. 
Safety wire bolt, 


k. On engines not incorporating MD150 or 
MD151 change, install support (4). Torque 
bolts to 22 40 in-lb. Safetywire bolts. 


l. Lubricate (Method A) union in tranaducer 
for attaching tube (1). Lubricate (MethodG) 
tube (1). Install seals (2) and tube. Torque 
tube coupling nuts to 160 410 in-lb. Safetywire 
coupling nuts. 


m. Install thermal insulation support 
145324-1). (Refer to R-3896-6. } 


n. Refer to section IV for post-maintenance 
test requirements. 


3-143. FEMEL VALVE FIT CHECK, 


3-144, This procedure applies to the No. lor 
No, 2 fuel valve and is performed only when 
designated in other procedures in this section, 
The following equipment is required. 


(1) Duromy seal set T- 5041258. 
(2) Dummy seal set T- 6048413. 


(3) Adapter 9025463 and fixture 9024923-11 
from Component Handling Fixture Set G4068. 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section J. 


b. Ifnot already installed, attach adapter 
9025463 to valve and fixture 9024923-11 to 
adapter. Fosition valve for installat on, 


CAUTION 


The fuel valve weighs approximately 
90 pounds. 


c. Aline valve to fuel manifold using suitable 
centering pingor alining sleeves on bolts. Install 
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Paragraphs 3-145 to 3-146 


shim, detail 102, from dummy seal set 

T-~ 5043413 between manifold and valve. Secure 
valve to manifoid using 6 approximately equally 
spaced bolts. Torque bolts to 400 +5 in-Ih. 


d. Refer to Engine Log Book, and obtain 
spacer recorded for use at applicable joint. 
Spacers used on engines not incorporating 
MDj37 change contain a drivescrew in outer 
surface of spacer. Spacers used on engines 
incorporating MD13% change contain a notch in 
spacer flange. 


e. Select the following applicable shim from 
dummy seal set T'- 5041258: 


(1) Engines not incorporating MD137 
change: shim, detail 102 


(2) Engines incorporating MD137 change: 
No, | fuel valve shim, detail 105; No. 2 fuel 
valve shim, detail 102 


f. Install spacer against duct flange in same 
position as recorded in Engine Log Book, and 
install shim between spacer and valve. Secure 
joint with 6 approximately equally spaced bolts. 
Do not tighten bolts. 


@. Make sure that shim and svacer are com- 
pressed against duct flange; then measure and 
record location and dimensions of maximum 
and minimum axial gap between shim and valve. 
Determine maximum differential gap by suh- 
tracting mintmutn axial gap from naximum 
axial gap. Maximuin axial and differential gap 
limitations are as follows: 


(1) No. 1 fuel valve (engines not incorpo- 
rating MD13% change) maximum axial gap, 
0.110 inch; maximum differential gap, 0.020 
inch 


(2) No. 1 fuel valve (engines incorporating 
MDi37 charge) maximum axial gap, 0. 180 inch; 
maximum differential gap, 6.020 inch 


(3) No. 2 fu-. valve maximum axial gap, 


0.060 inch; maxi «am differential gap, 0.020 
inch 
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NOTE 


Fasteners at valve to fuel manifold 
may be loosened and centering pins 
and/or alining sleeves removed, if 
required, to meet gap requirements. 
Fasteners must be retorqued to 

400 +5 in-lb before making gap 
measurements. 


h. Record final spacer information, as 
specified, in Engine Log Book. 


i. Mark across valve flanges, duct flange, 
and spacer in 2 places, 90 degrees apart. Use 
markings that can be removed, 


j. Using applicable handling equipment, re- 
move valve, spacer, and shims. Complete 
valve installation as outlined in applicable fuel 
valve procedure. 

3-145. OXIDIZER VALVE Fit CHECK. 


a 


3-146. This procedure applies to the No. 1 or 
No. 2 oxidizer valve and is performed only when 
designated in other procedures in this section. 
The fotlowing equipment is required: 


(1) Dummy seal set T- 5041258 
(2) Dummy seal set T- 5043413 


(3) Adapter 9020250 and fixture 9024921-11 
from Component Handling Fixture Set G4068 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
aection 1, 


b. Jf not already installed, attach adapter 


9020250 to valve and fixture 9024921- 1i to 
adapter. Position valve for installation. 


CAUTION 


The oxidizer valve weigh: approxi- 
mately 188 pounds. 


c. Aline valve to oxidizer dome using center~ 
ing pins or alining sleeves with bolts. Install 
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shim, detail 101, from dummy seal set 
T-5083413 between valve and oxidizer dome 
flange. Secure with 6 approximately equally 
spaced bolts. Torque bolts to 400 +5 in-Ib. 


d. Refer to Engine Log Book and select 
spitcer for use at applicable joint. Spacers 
used on engines not incorporating MD137 change 
incorporate a drivescrew in the outer surface 
ef the spacer. Spacers used on engines incorpo- 
cating MD187 change incorporate a notch in the 
spacer flange. 


e. Install spacer against duct flange in same 
position as recorded in Engine Log Book. In- 
stall shim, detail 101, from dummy seal set 
T- 5041258 between spacer and valve. Secure 
joint with 6 approximately equally spaced bolts. 
Do not tighten bolts. 


{f. Make sure that shira and spacer are com- 
pressed against duct flange; then measure and 
record location and dimension of maximum and 
minimum axial gap between shim and valve. 
Determine maximum differential gap by sub- 
tracting minimum axial gap from maximum 
axial gap. Maximum axial gap must not exceed 
0.040 inch. Maximum differential gap must not 
exceed 0.020 inch. Fasteners at valve to oxi- 
dizer dome joint may be loosened and centering 
ping ind/or alining sleeves removed, if re- 
quired, to meet gap requirements. Torque 
fasteners to 400 45 in-lb before making gap 
measurements. 


g. Hecord final spacer information, as 
Specified, in Engine Log Book. 


h, Mark across valve flanges, duct flange, 
and spacer in 2 places, 90 degrees apart. Use 
marking that can be removed, 


j. Using applicable handling equipment, re- 
move valve, Spacer, and shims. Complete 
valve installation as outlined in applicable oxi-~ 
dizer valve procedure. 


3-147. NO. 1 FUEL VALVE, 

3-148. Eqyulpment required consists of adapter 
9025463 and fixture 9024923-11 from Compo- 
nent Handling Fixture Set G4068. 


Section IIL 
Paragraphs 3-147 to 3-149 


3-149. REMOVING NO. i FUEL VALVE. (Sec 
figure 3-42. ) 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section J. 


b. (Deleted) 


c. If fuel valve will be reinstalled, mark 
across valve-to-manifold flanges and valve-to- 
duct flanges and spacer in 2 places each, 90 
degrees apart. Use markings that can be re- 
moved. Do not seribe parts. 


d. Disconnect plug (1) as outlined in para- 
graph 3-14. 


@. Disconnect brackel (2) from valve. Re- 
install bolt. Torque bolt to 80-100 in- lb. 


f. Disconnect tube (3) and bracket (4), and 
remove tube. 


g. Disconnect tubes (5, 7), and remove ori- 
fice plate (6) and seal (8). Relain orifice plate. 


h. Disconnect bracket (9). 


i. On engines not incorporating MD150 or 
MD151 change, disconnect tube (10), remove 
geal (11), and remove support (12). 


j. Disassemble and remove parts indexed 
(13 through 18), as necessary, for acce..; to 
remove flange bolts under bracket (13). 


k. If valve will be repleced, remove parts 
indexed (19 through 25), 


kA. Disconnect thermal insulation angle (25A) 
from bracket (25B) and remove bracket. Retain 
attaching parts. 


kB. Disconnect thermal insulation stiffener 
(25C). (The stiffener is part of thermal insula- 
tion frame 144477 and may be removed with the 
NQ. 1 side portion of the frame.) (Refer to 
R-3896-6. ) 


1, Install adapter 9025463 on valve, and 
attach fixture 9024923-11 to adapter, (See 
figure 3-43.) Use proper lift points of fixture. 
If handling boits for adapter attachment are 
required, use bolts RD111--9001-0018 and 
torque them to 80-100 tn- I. 
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Figure 3-42. Nou. 1 Fuel Valve (Sheet 1 of 2) 
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1 Plug 10 Tube i9 Bolt 258 Bracket 

2 Bracket 11 Seal*/ , ) 20 Seal 25C stiffener 

3 Tube 12 Support * 21 Elbow 26 Seal plate 

4 Bracket 13 Bracket 22 Seal 27 Spacer 

5 ‘Tube 14 Bracket 23 Quick- 28 Seal plate 

6 Orifice plate 15 Block disconnect ag Orifice 

7 Tuhe 16 Block 24 Retainer plate 

g Seal 17 Block 25 Packing 30 Valve 

9 Bracket 19 Clamp 254 Angle 


ne react tt ant rer ear 


~ renee er 


Paes FIXTURE 
o 9024923~bi-— 


ADAPTER 
9075463 


ADAPTER 
90235463—~ 


F1-3-1-16 | 


Handling Fuel Valves 


Figure 3-43. 


m,. Disconnect valve from duet flange, and 
remove seal plate (26, figure 3-42), spacer (27), 
and seal plate (28). 


n. Disconnect valve from manifold, and re- 
move orifice plate (29). 


o. Carefully remcve valve (30). 


Figure 3-42. No. 1 Fuel Valve (Shcet 2 of 2) 


CAUTION 


The fucl valve weighs approximately 
90 pounds. 


3-150. INSTALLING NO, 1 FUEL VALVE. 

(See figure 3-42.) The lubricant used in this 
procedure is lubricant grease RB0140-012 
(Rocketdyne), unless ctherwise specified. Spec- 
ified lubricating procedures (methods) are out- 
lined in section I. 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section 1. 


bh. Install adapter 9025483 on valve, and 
attach fixture 9024923-11 to adapter. Use 
proper lift points of fixture, and position valve 
for instalation, 


CAUTION 


The fuel valve weighs approximately 
90 pounds. 


c. If valve is a replacement, fit-check valve 
as outHned in paragraph 3-143, If same valve 
is being instaNed, proceed to step d. 


d. Install orifice plate (29) with tab positioned 
forward. 


e. Aline markings on valve flange with mark- 
Ings on fuel manifold flange, and secure joint. 
Cross-torque bolts to 1,150-1,250 in-Ib. Safety- 
wire bolts, and instail an aluminum seal] on 
lockyire. Remove handling equipment, 
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f. Install seal plate (28), spacer (27), and 
seal plate (26) between valve and duct. #osition 
éeal plates with tabs outward, 


g. AHne markings on valve, spacer, and 
duct flange. Secure joint, and cross-torque 
bolts to 1, 150-1, 250 in-lb. Safetywire bolts. 


gA. If stiffener (25C) was removed as a part 
of thermal insulation frame 145477, reinstall 
frame portion using information in R- 2896-6. 
If stiffener was disconnected only, attach stilf- 
ener to flange holtheads using bolts NAS1005-13H 
and washers RD153-9004-0002. Lubricate 
(Method A) bolts with thread compound 
C-5A (Felt Products). Torque bults to 68 +7 
in-lb. Safetywire bolts, 


gB. Assemble angie (25A) and bracket (25B) 
using bolts NAS1004- 4H or bolts RD111- 1009-0411 
and washers RD153-0013-0002. If bolts 
NAS1004-4H are used, lubricate them as out- 
lined in step gA. Torque bolts to 68 +7 in-Jb. 
Safetywire bolts, 


gC. Attach bracket (258) to flange boltheads 
using bolts NAS1005-4H and washers 
RD153-9004-0002. Lubricate bolts as outlined 
in step gA. Torque bolts to 68 +7 in-ib. Safety- 
wire bolts. 


h. If valve was replaced, lubricate (Method J) 
packing (25) and install pycking, retainers (24), 
and quick-disconnect (23). Cross-torque boits 
t) 86322 in-lh. Safetywire bolts. 


i. If valve was replaced, lubricate (Method A) 
bolt (19) and elbow (23). Install seals (20, 22), 
elbow (21), and bolt (19). Position elbow to 
aline with tube (3). Tozque bolt to 220 420 in- 
lb. Safetywire bolt. 


j. Install bracket (13). Torque boits to 
12545 in-lb. Safetywire bolts. 


k. Install parts indexed (14 through 18). 
‘Torque nuts to 75 £5 in-lb. 


!, On engines not incorporating MD150 or 
M151 change, install support (12). Torque 
bolts to 22 42 in-lb. Safetywire bolts. 


m. On engines not incorporating MID150 or 
MD151 change, lubricate (Method A) union for 
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attaching tube (10), Lubricate (Method G) tube 
(10). Install seal (11) and tube. Torque tube 
coupling nuts to 160 :10 in-lb. Safetywire 
coupling nuts, 


n, Aline propellant valves close tube (7) to 
valve (30) as outlined in paragraph 3-103; then 
install seal (8)and connect tube to valve. Crosu- 
torque bolts to 36 43 in~lb. Safetywire bolts, 


o. Alling No. i fuel valve open contro] tube 
(5) to valve (30) as outlined in paragraph 3-103; 
install orlfice plate (6), and connect tube to 
valve, Crose-torque bolts to 36 +3 in-Jb. 
Safetywire bolts, and install an aluminum 
seal on lockwire. 


p. Lubricate (Method A)threads of fittings 
for installing tube (3). Lubricate (Method G) 
tube (3). anstatl tube, and torque coupling nuts 
to 135-185 in- Jb. 


q. Attach the following brackets, torque 
fasteners as indicated, ond sefetywire fasteners 
for brackets (4, 9). Make sure that bracket (9) 
(602069) is welded on both sides of joint. Some 
iackets are welded on one side only and are 
not usable. 


(1) Bracket (2): 80-100 in-lb. 
(2) Bracket (4): 4543 in-lb. 
(3) Bracket (9): 40 46 in-lb. 


r. Install plug (1) as outlined in paragraph 
3-15, 


s. (Deleted) 


t, Refer to section 1V for post- maintenance 
test requirements, 


3-151, NO. 2 FURL VALVE. 

3-152. Equipment required consists of adapter 
9025483 and fixture 9024923-11 from Component 
Handling Fixture Set G4068. 


3-163. REMOVING NO. 2 FUEL VALVE. 
figure 3-44, ) 


(See 


a. Observe safety, and confamination and 
duinage prevention requirements ouilined in 
section J, 


R-3896-% 
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b, (Deleted) 


c. If fuel valve will be reinstalled, mack 
across valve-to-manifold flanges and valve-to- 
duct flanges and spacer at 2 places each, 90 
degrees apart. Use markings that can be re- 
moved, Do not scribe parts. 


d. Disconnect plug (1) as outlined in para- 
graph 3-14. 


e. Disconnect bracket (2), and reinstall bolt. 
Torque bolt to 60-100 in-Ih. 


f. Disconnect bracket (3), and renove tube 


(4). 


g. On engines incorporating MD162 or 
M163 change, remove parts indexed (5 through 
13). Parts to retainers (5. 12) are matehed. If 
a detail part requires replacculent, the complete 
retainer must be replaced. 


h. On engines not incorporating MD150 or 
MD151 change, disconnect tube (14), and re- 
nove Seal ({5) and support (16). 


i, Disconnect tubes (17, 19), and remove 
seal (18) and orifice plate (20). Retain orifice 
plate. 


j. If valve will be replaced, remove parts 
indexed (21 through 26). 


jA. Disconnect thermal insulation angle (26A) 
from bracket (26B) and remove bracket. Retain 
attaching parts. 


k. Install adapter 9025463 on valve, and 
attach fixture 9024923-11 to adapter. (See 
figure 3-43.) Use proper lift points of fixture. 
If handling bolts for adapter attachment are 
required, use boits RJ}111- 9001-0018 and 
torque bolts to §0-190 in-Ib. 


1. Disconnect valve from duct flange, and 
remove seal plate (27, figure 3-44), spacer 
(28), and seal plate (29). 


m. Disconnect valve at manifold, remove 
orifice plate (30), and carefully remove valve 
(31). 


CAUTION 


The fuel valve weighs approximately 
90 pounds. 


Section TU 
Paragraph 3-154 


wit EY 

2-154, INSTALLING NO. 2 FUEL VALVE, 

(See figure 3-44.) The lubricant used in this 
procedure is lubricant grease RBO140-012 
(Rocketdyne), unless otherwise specified. Spec- 
ified lubricating procedures Gnelhods) are out- 
lined in section I. 


a. Observe safety, and contamination and 
damage prevention requirements oullined in 
section 1. 


b, Install adapter 9025463 on valve, and 
altach fixture 9024923-11 to adapter. Use 
proper lift points of fixture, and position valve 
for installation. 


CAUTION 


Tha fuel valve weighs approximately 
$0 pounds. 


ce, If valve is a replacement, fit-check valve 
as Gutlined in paragraph 3-143, Ef same valve 
is installed, proceed with step d. 


d, Install orifice plate (30, figure 3-44) with 
tab positioned forward, 


e. Aline markings on valve [lange and mani- 
fold flange, and secure joint. Cross-torque 
bolls to 1, 150-1, 250 in-lb. Safetywire bolts, 
and install an aJuminum seal on Iockwire, Re- 
move handling equipment, 


f. Install seal plate (29), spacer (28), and 
seal plate (27) between valve and duct. Position 
seal plate with tabs outward. 


g, Aline markings on valve, spacer, and 
duct flange. Secure joint, and cross-torque 
bolts to 1, 150-1, 250 in-lb. Safetywire bolts. 


eA. Assemble angle (26A) and bracket (26B) 
using 4 bolts NAS1004-4H or balts 
RD111- 1009-0411 and washers LD153-0012-0002. 
If bolts NAS1004-4H are used, lubricate them 
(Method A) with thread campouad C-5A 
(Felt Products). Torque bolts to 68 47 in-Ib. 
Safetywire balts. 


gB. Attach bracket (286) to flange boltheads 
using bolts NAS1005-4H and washers 
RD153-9004-0002. Lubricate bolts as outlined 


in step gA. ‘Torque bolts to 68 47 in-lb, Safety- 
wire bolts. 
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i Plug in Bracke (a) 19 Tube 26 Packing 
2 Bracket 1] Spacer@ (a)(b) 20 Orifice 26A Angle 
3 Bracket 12 Retainer* plate 268 Bracket 
4 Tube (ats) 13 Bracket\@ 21 Bolt 27 Seal plate 
5 store incr 14 Tuby \¢ 22 Seal 28 Spacer 
6 Nut4 15 Seal'¢ (c) 23 Elbow 29 Sval plate 
7 Nut (9) 16 Support 24° ~~ Quick- 30 Orifice plate 
8 nut) 17 Tube disconnect 31 Valve 
9 Plate) 18 Seal 25 Retainer 


fa)" Tingines 8 incorporating M162 or MD163 change. 
(b) Matched set, 


(c) Mngines not incorporating MD180 or MD151 change, 


nem ee 


Figu re 3-44, No. 


h. ff valve was replaced, lubricate (Msthod 


J) paeking (26), Install packing, retalners 
(25), and quick-disronnect (24), Cross-turque 


bolis to 3442 in-lb. Safetywire bolita. 

i. Hf valve was replaced, lubricate (Method A) 
bolt (21). Install eluow (2%), seals (22), and 
bolt (21). Position elbow to aline with tube (4). 
Torque holt to 220 420 in-lh. Safetywire bolt. 


j. Aline No, 2 fuet valve open control tube 
(10) to valve (31) as outlined in paragraph 3-103; 
then instal] orifice plate (20) and comect tube to 
valve, Crosa-torqve bolts to 3643 in-]b. 
Safetywire bolts, and install an alwainum 
seal on lockwire, 


k, Aline propellant valves close tube (17) to 
valve (31) us outlined in paragraph 3-103; then 
install seal (18), and connect tube to valve, 
Cross-torque bolts to 3643 in-lb, Safetywire 
bolls, 


1, On engines not incorporating MD150 or 
M151 change, install support (16) and torque 
bolts to 2242 in-lb. Safetywire bolts. 


m. Qn engines not incorporating MD150 or 
iNMWD151 change, lubricate (Method A) union in 
transducer of support (16). Lubricate (Metiod 
G) tuhe (14), Install seal (15) and tube. Torque 
tube coupling nuts to 160 +10 in-lb. Safetywire 


coupling suits. 
NOTE 


Steps n through r apply to engines 
jucorporating MD182 or MD163 
change. Parts must be installed 
so that nc stress is exerted on 
tubes during or after installation. 


2 T'uel Valve (Sheet 2 of 2) 


oe an ee nem Se SN? 


n. Install bracket (13). 
170 +10 in-tb. 


Torque bolts to 


u. Install retainer (12) around tube, and 
attach retainer to brackei (13). Torque nut on 
retainer to 30 45 in-lb, Torque bolt in retainer 
to 140 +10 in-Ib. ‘Torque bolis that attach xe-~ 
tainer to bracket (13) to 140 410 in- tb, 


NOTE 


Merainer (12) consists of inetched 
parts. If one part is damaged, the 
complete retainer must be replaced, 


p. Install spacers (11) and bracket (10). 
iivernatety tighten and loosen attaching Lults, 
and check for gap in excess of 0,019 inch be- 
tween either spacer and bracket. If gap at either 
point exceeds 0.019 inch, install washer 
RD153- 1004-0014 between one spacer .ind 
bracket to reduce gap to less than 0.019 inch. 
A maximwn of 2 washers may be used. If re~ 
quired, washer laminations may be removed. 


q. Torque forward bolt for hracket (10) to 
80 45 in~Ib. Torque lower holt to 250 415 in-Jb. 
Safetywire bolts. 


r, Assemble plate (9) and retainer (5) to 
bracket (10). Itetainer (5) consists of matched 
parts. If one part is damaged, the complete 
retainer must be replaced. Make sure that no 
stress is exerted on tube (19) during or after 
torquing. Torque fasteners as follows: 


(1) Nut (6); 100 410 in-lb. 


(2) Nut (7): 30410 in-lb. 
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(3) Nuts (8); 25 45 in-lb above running 
torque, except maximum torque must not 
exceed 60 in-Ib. 


gs. Lubricate (Method A) bolt (21) and elbow 
(23). Lubricate (Methud G) tube (4). Install 
tube, and torque coupling nuts to 135-185 in-lb. 

t. Atiach bracket (3) to valve. ‘T'orque bolts 
to 4543 jn-lb. Safetywire bolt. 

u. Attach bracket (2) to valve. Torque bolt 
te 80-100 in- lb, 


v. Connect plug (1) as outlined in paragraph 
3-15, 


w, (Deleted) 


x. Refer to section tV for post~ maintenance 
test requirements. 


3-155, NO. 1 OXIDIZER VALVE. 


3-156. Equipment required consists of adapter 
9020250, fixture 9024921-11, and strut 9025193 
from Component Handling Fixture Set G4Nb3, 
and dummy seal set T- 5043413, 


8-157, REMOVING NO, 1 OXIDIZER VALVE. 
(Sec frure 3-45.) Specihed lubricating proce- 
dures (methods) ure outtined in section J. 


WARNING 


Component Handling Fixture Set 
G4068 must be operated by auth- 
orized personnel trained in the use 
of the equipment. 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I. 


bh. (Deleted) 


c. If oxidizer valve will be reingstailed, 
mark across valve and oxidzer dome flanges 
and valve-to-duct flanges and spacer at 2 
places each, 90 degrees apart. Use markings 
that can be removed. Do not scribe parts. 


ud. Disconnect plug (1) as outlined in para- 
graph 3-14. 

e, Remove tubes (2, 5, 6). 

eA. If valve will be replaced, remove 3 
unions (3) and 3 seals (4), Lubricate (Method A) 
closure threads and (Method J) packing with 


lubricant grease RBO140-012 (Rocketdyne). 
Torque closures to 20-30 in-lb. 
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f. Disconnect line (7), and remove seal (8), 


g. Disconnect tube (9), and remove seal (10), 
Blocka 601883 and 601884 may be remuved to 
gain additional clearance for bydraulic control 
lines, 


h. Disconnect tube (11), and remove orifice 
plate (12). Ketain orifice plate. 


{. Disconnect tube (13), and remove seal (14), 
}» Disconnect bracket (15). 


k, Disconnect tube (16), and remove orifice 
plate (17). Retain orifice plate, 


kA, Disconnects thermal insulation bracket 
(17A) from frame. Retain attaching parts. 


kB. Remove bracket (17A) and plate (17B). 
Retain atlaching parts, 


1, Disconnect tube (16) and harness (18) from 
bracket (19); then remove bracket (13). 


m, Measure and record extension of lines at 
support (22) from line flanges to support. 


n. Remove cover (20), clamps (21), and 
support (22), 


nA. Disconnect bracket (224A) from oxidizer 
dome-to-valve boltheads. Clear hinged bracket 
from flange area. Retain attaching parts, 


o. Install adapter 9020250 on valve, and 
attach fixture 0024921-11 to adapter. (Sec 
igure 3-46.) Use proper Hit points of fixture, 
If No, 2 oxidizer valve or duct joint is not intact, 
Install strut 6025193 between turbopump and 
oxidizer dome, 


NOTE 
External surfaces and the area around 


the bolts should be vacuumed before 
disconnec!tng valve flanges. 


p. Loosen valve at oxidizer dome flange, 
disconnect valve at duct flange, and remove 
pressure-actuated seal (23, figure 3-45), spacer 
(24), and pressure-actuated seal (25), 

q. Disconnect valve at oxidizer dome flange, 


and remove pressure-actuated sea) (26), Care- 
fully remove valve (28). 


CAUTION 


The oxidizer valve weigns approxi- 
mately 168 pounds, 


r. Lubricate (Method A) oxidizer dome flange 
clusure bolt threads with lubricant grease 
B0140-012 (Rocketdyne), 
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3-158, 
(See figure 3-45.) The lubricant used in this 
procedure 18 lubricant grease RBO140-012 
(Rocketdyne), unless otherwise specified. 
Specified lubricating procedures (methods) 
are outlined in section I. 


WARNING 


Component Handling Fixture Set 
G4068 must be operated by author- 
ized personnel trained in the use of 
the equipment, : 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
gection I, 


b. Install adapter 9020250 on valve. (See 
figure 3-16.) Attach fixture 9024921-11 to 
adapter. Use proper lift points of fixture, and 
position vaive for installation, 


CAUTION 


The oxidizer valve weighs approxi- 
mately 168 peunds, 


c. If valve is a repiacement, fit-check valve 
as outlined in paragrapn 3-146, 


NOTY 


Steps d through i apply to installing 
the valve thal was rem«ved, Steps 
j through o apply to installing a 
replacement valve. Steps p through 
ab install parts indexed (1 through 
22A, figure 3-45), 


d. Install pressure-actuated seal (26), and 
connect joint. Do not tighten fasteners, 


e. Install pressure-actuated seals (23, 25) 
and spacer (24), and connect joint. Do not 
tighten fasteners. 


f. Aline markings on valve and spacer with 
markings on duct, and secure joint to maintain 
alinement, Remove handling equipment, 


yg. Aline markings on valve with markings on 


oxidizer dome. Secure joint to maintain 


alinement. 


h. Cross-torque fasteners at dome to 
1, 150-1, 250 in-lb. Safetywire fasteners, and 
instal) aluminum seal on loekwire. 


INSTALLING NO, 1 OXIDIZER VALVE. 


Section I 
Paragraph 3-158 


NOTE 


If spacer (24) haa a minimum thick- 
noas at any point of 0.903 inch or 
less, an additional countersink 
washer is required under the bolt- 
head of each duct flange holt. 


i, Cross-torque fasteners at duct to 
1, 150-1, 250 in-lb, and safetywire fasteners, 
Remove ‘strut 9025193. 


NOTE 
Steps j through o apply to installing 
a replacement valve. 


j. Install shim detail 101 from dummy seal 
set T-5049413 between valve and oxidizer dome. 
Install 8 approximately equally-spaced bolts 
and tighten bolts. 


k. Install pressure-actuated seals (23, 25) 
and spacer (24) between valve and duct. Make 
sure spacer is installed as indicated in Engine 
Log Book, and cross~torque 6 approximately 
equally-spaced bolts to 400 35 in~Ib. 


l. Loosen fasteners at doine flange. With 
shim against doroe flange, measure and record 
maximum and minimum axial gap between shim 
and valve, and determine maximum differential 
gap by subtracting minimum axial gap from 
miximum axial gap, Gap limitations are as 
follows: 


(1) Engines not incorporating MD137 
change: maximum axial gap, 0.090 inch; 
maximum differontial gap, 0,020 inch 


(2) Engines incorporating MD137 change: 
maximum axial gap, 0.065 inch; maximum 
differential gap, 0.015 inch 


m. Record final dimensions, a8 specified, 
in Engine Log Book. 
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Volume I 
1 Plug 10 Seal 17B Plate 24 Spacer 
2 Tube 11 Tube 18 Harmmess 25 Pressure- 
3 Union 12 Orifice plate 19 Bracket actuated seal 
4 Seal 13 Tube 20 Cover 26 Pressure- 
5 Tube 14 Seal 21 Clamp actuated seal 
6 Tube 15 Bracket 22 Support 27 (Deleted) 
q Line 16 Tube 22A Bracket 
8 Seal 17 Orifice plate 23 Pressure- 28 Valve 
g Tube 17A Bracket actuated seal 


n. Remove shim, and install pressure- 
actuated seal (26). Cross-torque fasteners at 
each flange to 1,150-1,250 in-lb. Safetywire 
fasteners, and install an aluminum seal on 
lockwire at dome flange. 


NOTE 


If spacer (24) has a minimum thick- 
ness of 0.903 inch or less at any 
point, an additional countersink 
washer is required under the bolt- 
head of each duct flange boll, 


o. Remove strut 9025193, 
NOTE 
Steps p through ab install parts 
indexed (1 through 22A). 


p. Install support (22). Torque bolts to 
100 +5 in-lb. Safetywire bolts. 


pA. Attach bracket (22A) to flange boltheads. 
Lubricate (Method A) bolts with thread com- 
pound C-5A (Felt Products). Torque bolts 
to GB 47 in-lb. Safetywire bolts. 


q. Install clamps (21) and cover (20). Adjust 
lines to dimensions recorded during removal, 
and torque nuts to 75 45 in-lb. 


x. Install bracket (19). Torque bolts to 
7545 in-lb. Safetywire bolts. 


rA. Install thermal iasulation bracket (1TA) 
on frame. Torque nuts to 68 +7 in-Ib. 


Figure 3-45. No. 1 Oxidizer Valve (Sheet 2 of 2) 


rB. Using thread compound C-5A (Felt 
Products), lubricate (Method A) bolts used to 
attach bracket (17A) and plate (17B) to flange 
boltheads, 


rC, Install plate (17B) and torque bolts to 
68 +7 in-lb, Safetywtre bolts, 


8. Attach tube (16} and harness (18) ia 
bracket (19). Torque nuts to 8-10 in-Jb, 


t. “Ane No, 1 oxidizer valve dome purge 
tube (16) to valve (28) as outlined in paragraph 
3-103, Then install orifice plate (17) with tab 
forward, and connect tube to valve, Cross-torque 
bolts to 36 +3 in-lb, Safetywire bolts, and install 
an aluminum geal on lockwire, 


u, Attach bracket (15) to valve, Torque bolt 
to 40 210 in-lb, Safetywlre bolt, 


v. Install seal (14) and connect tube (13) to 
valve (28), Cross-torque bolts to 36 43 in-Jb, 
Safetywire bolts, 


w. Aline propellant valves open tube (11) to 
valve (28) as outlined in paragrzph 3-103; then 
install orifice plate (12) and connect tube to 
valve. Cross-torque bolts to 46 43 in-lb, 
Safetywire bolts, and install an aluminum 
seal on lockwire, 


x. Allne sequence valve to sequence valve 
line (7) to valve (28) as outlined in paragraph 
3-103; thon insgi.dl seal (8) and connect line to 
valve, Cross-torque bolts to 30 43 in-]b. 
Safetywire bolts, 


y. Install seal (10), and connect tube (9), 
Cross-torque bolts to 85 45 in-lb. Safetywire 
bolts. 


z. If seals (4; and unions (3) were removed, 
lubricate (Method I) unions. Install untons in 
preparation for installing tubes (2, 5, 6). 
Torque unfons to 240 210 in-Ib. 
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FIXTURE 


9024921 -1L——_ 


ADAPTER 


FIXTURE 
a g024021-11 


ADAPTER 
§020250 


F1-3-1-18 
Figure 3-46. Haneling Oxidizer Valves 


aa. Lubricate (Method G) tubes (2, 5, 6). 
Install tubes, and torque coupling nuts to 
135-185 in-lb. 


ab. Install plug (1) as outlined in paragraph 
3-15. 


ac. (Deleted) 
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ad. Refer to section IV for posi-maintenance 
test requirements. 


3-159. NO, 2 OXIDIZER VALVE, 


3-160. Equipment required consists of adapter 
9020250, fixture 9024921-11, strut 9025193 
from Component Handling Fixture Set G4068, 
and dummy seal set T- 5043413, 


3-161. REMOVING NO. 2 OXIDIZER VALVE. 
(See figure 3-47,) Specified lubricating proce- 
dures (methods) are outlined in section I, 


a. Observe safely, and contamination and 
damage prevention requirements outlined in 
section I, 


b. (Deleted) 


c. If oxidizer valve will be reinstalled, 
mark «cross valve and oxidizer dome flanges 
and valve-to-duct flanges and spacer at 2 places 
cach, 90 degrees apart. Use markings that can 
be removed. Do not scribe parts. 


d, On engines incorporating MD162 or 
MD163 change, remove parts tndexed (1 through 
12), Retainers (1, §, 9) are matched sets, If 
one part of any retainer requires replacement, 
the complete retainer must be replaced. 


e. Disconnect plug (13) as outlined in para- 


f. Remove tubes (14, 15, 16), 


fA, If valve will be replaced, remove 3 
unions (17) and 3 seals (18), Lubricate (Method 
A) closure threads and (Method J) packing with 
lubricant grease RBO140-012 (Rocketdyne). 
Torque closures to 20-30 in-lb, 


g. Disconnect tube (19), and remove seal 
(20) and orifice plate (24), Retain orifice plate, 


h. Disconnect tube (21), and remove seal 
(22). 


i, (Deleted) 


J. Diseonnect Mne (25), and remove seal (26). 


k, Disconnect tube (27) and harness from 
bracket (29), 


1, Disconnect «ibe (27) from valve, and re- 
move orifice plate (28), Retain orifice plate. 
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1A, Disconnect thermal insulation bracket 
(28.4) from frame and remove bracket. Retain 
attaching parts. 


1B. Remove bracket (29). 


1¢. Wuisconnect thermal insulation bracket 
(294A) from oxidizer valve. Secure tre rod and 
bracket clear of valve, 


in. Install adapter 9020250 on vaive, and 
attach fixture 9024921-11 to adapter. (Sea 
fig e¢ 3-46.) Use proper ‘lift points of fixture. 
W. .tu. 1 oxidizer valve or duct joint is not 
la ict, install strut 9025193 between turbopump 
and oxidizer dome, 


NOTE 


External surfaces and the area 
around the bolts should be vacuumed 
hefore disconnecting valve flanges, 


nh. Loosen valve at oxidizer dome flange, 
disconnect valve at duct flange, and remove 
pressure-actuated seal (30, figure 3-47), 
spacer (31), and pressure-actuated seal (32). 


o. Disconnect valve at oxidizer dome flange 
and remove pressure-actuated seal (33), 


CAUTION 


The oxidizer valve weighs approxi- 
mately 168 pounds. 


p. Lubricate (Method A) oxidizer dome 
flange closure bolt threads with lubricant 
grease RBO140-012 (Rocketdyne). 


3-162. INSTALLING NO. 2 OXIDIZER VALVE. 
(See figure 3-47), The lubricant used in this 
procedure is lubricant grease RB0140-012 
(Rocketdyne), unless otherwise specified. 
Specified lubricating procedures (methods) 

1re outlined in section I. 


WARNING 


Component Handling Fixture Set 
G4068 must be operated by author- 
ized personnel traincd in the use 
of the equipment. 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I, 


Section Il 
Paragraph 3-162 


b, Instatl adapter 9620250 on valve, and 
attach fixture 9024921-11 to adapter. (Sre 
figure 3-46.) Use proper lift points of fixture, 
and position valve for installation. 


CAUTION 


The oxidizer valve weighs approxi - 
mately 168 pounds. 


e, If valve is a replacement, fit-check valve 
as outlined in paragraph 3-145, 


NOTE 


Steps d through i apply to installing 
the vaive that was rernoved. Steps 
j through o apply to installing a 
replacement valye,. 


d. Install pregsure-actuated seal (33, figure 
3-47), and connect joint. Do not tighten fasteners, 


e. Install pressure-actuated seals (30, 32) 
and spacer (31), and connect joint. Do not 
tighten fasteners, 


{, Aline markings on valve and spacer with 
markings on duct, and secure joint to maintain 
alinement, Remove handUng equipment, 


NOTE 
If spacer (31) has a minimum thick- 
ness of 0,903 inch or less at any 
point, an additional countersink 


washer is required under the bolt- 
head of each duct flange lolt. 


g. Aline markings on valve with markings 
on oxidizer dome, Secure joint to maintain 
atinement, 


h, Cross-torque fasteners to 1,150-1,250 
in-lb, Safetywire fasteners. 


i, Remove strut 9025193. 
NOTE 


Steps j through n apply to installing 
a replacement yalye, 


j. Install shtm detail 101 irom dummy seal 
set T-5043413 between vaive and oxidizer dome, 
Secure joint with G approximately equally- 
spaced bolts. 


k. Install pressure-actuated seals (30, 32) 
and spacer (31) between valve and duct. Make 
sure spacer js installed as indicated in Engine 
Log Book, Cross-torque 6 approximately 
equally-spaced bolts to 400 +5 in-lb, 
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ROTATED 180° 


Figure 8-47. No. 2 Oxidizer Valve (Sheet : of 2) 
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! Retai perl) 12 Bracket ®) 23 Deleted 30 Pressure- 
2 Nut 4 13 Plug 24 Orifice actuated seal 
3 Nut (@) (a) 14 Tube plate 31 Spacer 
4 aaah 15 Tube 25 Line 32 Pressure- 
5 “i a)( 16 Tube 26 Seal actuated seal 
6 Nut(a 17 Union 27 Line 33 Pressure- 
7 Nut(@) (a) 18 Seal 28 Oritice actuated seal 
8 Bracket 19 Tube plate 34 (Deleted) 
9 Retainer (aN) 20 Seal 28A Bracket 35 Valve 
10 Nut(a 21 Tube 29 Bracket 
| Nut @) 22 Seal 290A _—- Bracket 


(2) Engines incorporating MD 162 or MD163 change 
(b) Matched set 


a 


Figure 3-47, No. 2 Oxidizer Valve (Sheet 2 of 2) 


1, Loosen fasteners at dome flange, and with pA, Attach thermal insulation bracket (28A) 
shim against dome flange, measure and record to frame. Torque nuts to 68 +7 In-1b, 
marlani an mininom axial eap bewood Shim yp, Atach thermal insulation bracket (264) 
: : : tu flange bolthead with serrated washer installed 


gap by subtracting minimum axial gap from b ; 
. etween bracket (28A) and bracket °9), Lubri- 
Paes axial gap. Gap limitations are as cate (Method A) a ~~ ey naa 
ae C-5A (Felt Products), Torque bol. to 68 47 
(1) Engines not incorporating MD137 lu-lb, Safetywire bolt, 
change. maximum axial gap, 0.070 inch; . F : . : 
maximum differential gap, 0.020 inch. (205, setae Reale Ha NS 


(2) Engines incorporating MD137 change: 


: r. Aline No, 2 oxidizer valve dome purge 
maximum axial gap, 0.065 inch; maximum pure 


Mine (27) to valve (35) as outlined in paragraph 


differential gap, 0,015 inch. 3-103; then install orifice plate (28) with tab 
m. Record final dimensions in Engine Log forward, and connect tube to valve, Crogs- 
Book, torque bolts to 36 43 In- Ib, Safetywire bolts, 


i stall an alu: ‘ a 
n. Remove shim, and install pressure- and install an aluminum seal on lockwire 


achiated seal (33), Cross-iorque fasteners at s. Instali seal (26) and line (25), Cross~- 
each flange to 1,150-1,250 in-lb. Safetywire torque bolts to 3643 in-tb, Safetywire colts, 


fasteners, and install an aluminum seal on 
: t. Aline propellan. valves open tube (19) to 
lockwire at dome flange. valve (35) as outlined lt paragraph 3-103; then 


NOTE install orlfice plate (24) and seal (20) and connect 
If spacer (31) has a minimum thick- tube to valve, Cross-torque bolts at ortfice 
ness of 0.903 inch or less at any plate flange to 46 33 in-lb, Saictywire bolts, 
point, an additional countersink and install an aluniinum seal on lockwire, 
washer is required under the bolt- Cross-torque balts at seal flange to 30 43 in~Ib, 
head of each duct flange bolt. Safetywire bolts, 

o. Remove strut 9025193, u. (Deleted) 

NOTE v. Aline propellant valves close tube (21) to 
Steps oA Utrough y install parts valve (35) as outlined in paragraph 3-103; then 
indexed (13 through 29A). install seal (22) and connect tube to valve, 


oA, Attach thermal insulation bracket (29A) CF 9SS- torque bolts to 85 45 in-Ib, 


to oxidizer valve. Torque bolt to 68 47 in-Jb. 
p. Install bracket (29). Torque bolts to 
75 45 in-lb. Safetywire bolts. 
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w. If untons (17) and seals (18) were re- 
§ moved, lubricates (Method A) unions. Install 
unions and seals, and torque unions to 240 110 
in-lb, 


x. Lubricate (Method G) tubes (14, 15, 16). 
Install tubes and torque coupling nuts to 
135-185 in-lb. 


y. Install plug (18%) as outlined in paragraph 
3-15, 


NOTE 


Steps z through ab apply to engines 
incorporating MD162 or MD163 
change and {install parts indexed 

(1 through 12). Parts muat be in- 
stalled so that no strege is exerted 
on tubes during or following in- 
stallation, 


z. Install brackets (4, 8, 12). Torque bolts 
for brackets (4, 8} to 125 410 in-ib, Torque 
bolts for bracket (12) to 175 415 in-lb. Safety- 
wire bolts. 


NOTE 


Retainers (1, 5, 9) are matched 
sets. Ifa part of any retainer re- 
quires replacement, the complete 
retainer must be replaced, 


aa. Install retainers (5, 9), Torque bolts 
to the following values: 


(1) Nut (6, 10): 25 45 in-Jb above running 
torque, except maximum torque musc not ex- 
ceed 60 in-lb. 


(2) Nut (7, 14): 75 210 in-Ib, 


ab. Install retainer (1), and loosen retainer 
from bracket at fuel manifold flange, Adjust 
retainers to tube (21), and torque nuts to the 
following values: 


(1) Nuts for bolts through brachet and re- 
tainer at fuel manifold flange; 140 410 in-lb, 
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(2) Nuts (2); 25 +5 in-lb above running 
torque, except maximum torque must not ex- 
ceed 60 in-Ib, 


(3) Nut (3); 75 410 in-!b. 
ac. (Deleted) 


ad. Refer to sectlon IV for post-maintenance 
test requirements, 


3-163, FUEL VALVE POSITION TRANS- 
DUCERS, 


3-164. This procedure apples to the position 
transducers for the No, 1 fuel valve and the 
No. 2 fuel valve, 


3-165, REMOVING FUEL VALVE POSITION 
TRANSDUCERS, (See figure 3-48.) 


a. Observe safety, and cuuwamination and 
damage prevention requirements outlined in 
section I, 


b, Remove tube (1). 


c. Disconnect plug (2) as outlined in para- 
Graph 3-14, 


CAUTION 


Rotating the transducer more than 
1/4 turn during removal can damage 
electrical leads. 


d, Provide a one-gaHlon container to catch 
residual fluids, and carefully remove trans- 
ducer (3) from valve body. Do not activate 
transducer shaft until all residual fuel is re- 
moved from shaft. 


e. Prior to servicing, inspect shaft of trans. 
ducer for presence of O-ring particles (black 
particles), If O-ring particles are present, 
remove bolt (7), seals (8), and elbow (9), and 
assign transducer for overhaul. If transducer 
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will be reinstalled, remove O-ring (4), re- 
tainers (5), and packing (6). 


WARNING 


Trichloroethylene (MtL-~'1'-27602) is 
a toxic solvent. Inhalation of its va- 
pors or prolonged contact with the 
liquid can cause serious injury or 
cleath., 


Cleaning compound (MIL- C- 81302) 
is volatile. Use in a well-ventilated 
area since the vapors displace the 
oxygen in tie dir, resulting in 
suffocation, 


CAUTION 


The variable resistor must not be 
immersed in cleaning liquid, and 
Whe liquid nist not be allowed to 
wet the resistor shaft O-ring, 
sinee the Hqund will remove the 
lubricant from the shaft O-ring. 


{, Clean removed parts except variable re- 
sistor by immersion or handwiping with tri- 
chlorocthylene (MIL-T+27602) or cleaning 
compound (MIL-C-81302). Clean variable F1-3-1-26 


resistor, with parts attached, by handwiping i ‘Tube 5 Rotainor 
only. Do not actuate variable resistor shaft 2 Plug 6 Packtivs 
with cleaning fluid on shaft. Dry parts with 3 a cA akee 7 Rolt ? 
gascous nitrogen (MIL-P-2740)). 4 O-ring 3 Seal 

9 Elbow 


Figure 3-48. Fuel Valve Position 
Transducers 
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g. Allow al) fuel to drain from fuel valve 
actuator housing, and siphon all remaining fuel 
from piston rod bore to prevent fuel from 
contacting shaft when a transducer is instaHed., 


NOTE 


Fuel may be siphoned using a one- 
pint plastic bottle with spout, 

No, 4653-15 (Matheson Scientific Ca), 
or equivalent, with an Ll-inch length 
of steeving. Resinite No. EP-69C, 

0, 106-ineh ID, 0.016-inch wall thick- 
ness (Installation Supply Co), or 
equivalent, must be secured to the 
spout, 


3-166. INSTALLING FUEL VALVE POSITION 
TRANSDUCERS, (See figure 3-48.) Specified 
lubricating procedures (methods) are outlined 

in section I, 


a. If installing a replacement position 
transducer, verlfy that position transducer 
preinstallation test cutH[ned in section I has 
beon performed. 


aA. Observe safety, and contamination and 
damage prevention requirements outlined in 
section [, 


b. Lubricate (Method J) O-ring (4) and 
packing (6) with lubricant grease RBO140-012 
({Rockeldyne), and install O-ring, packing, and 
retainers (5), 


c. Before installing transducer, inspect the 
following: 


(1) Check shaft for evidence of O-ring 
particles (black particles). If present, assign 
transducer for «.serhaul. 


CAUTION 


In the following substep, the spring 
rnust be held firmly, Tf the trans- 
ducer is allowed to snap open under 
spring force, damage to the slider 
block fastener will result. 


(2) Check shaft for adequate lubrication. 
If lubricant on shaft is not visible, lubricate 
shaft with FS1281 grease (Dow Corning Corp), 
using swab 906919, or equivalent. If necessary, 
compress spring to gain access to shaft. Ex- 
cess lubricant on shaft is acceptable. 
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(3) Check that ail fluid has been removed 
from bore, 


NOTE 


Sufficient flaid must be removed from 
the closing siae of the actuator cavity, 
and the piston rod bore must be dry, 
to prevent [luid from contacting the 
shaft when the transducer is installed. 


d. Clean entire surface of bore with swab 
906019, or equivalent nylon swab, (Depth of 
bore is approximalely 11.25 inches, ) 


e, Prior to (nstalling transducer, visually 
inspect fuel valve spring cavity and bore for 
chips, O-ring particles, and contamination. 


CAUTION 


Rotating the transducer more than 
1/4 turn during installation can 
damage the electrical leads, 


f, Make sure spring is centered in washer on 
end of shaft; then carefully insert transducer 
into fuel valve housing. Make sure shaft is not 
binding by mensuring distance that transducer 
springs out from valve. Distance must not ex- 
eeed 0,30 inch, Remove traneducer and repeat 
steps e and f if distance exceeds 0,30 inch, 


g. Secure transducer to hcusing with screws 
and washers, Torque ecrews to 60-70 in-tb. 


h. Check that transducer is fully extended 
into valve piston and indicates that valve is in 
the closed position, as follows: 


(1) Measure resistance between pins A 
and C, Resistance must be 2,000 1100 ohms. 


(2) Measure resistance between pins B 
and C. Resistance must be 2,095 +325 ohms. 


(3) Measure resistance between pins D 
and E. Resistance must not exceed 0.5 ohms, 


i. If parts indexed (7 through 9) were re- 
moved, lubricate (Methed A) elbow and bolt with 
lubricant grease RBQ140-01? (Rocketdyne). In- 
stall elbow (9), seals (8}, and bolt (7). Position 
elbow to aline with tube (1), and torque bolt to 
220 +20 in-lb. Safetywire holt, 
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j. Lubricate tube (1) with lubricant grease 
RBOI40-012 (Rocketdyne). Apply lubricant 
using Mcthod G outlined in section I. Connect 
tube (1) to elbow. Torque coupling nut to 
135-185 in-lb. 


k. Connect plug (2) as outlined in paragraph 
3-15, 


lL. Refer to section IV for post- maintenance 
test requirements. 


3-167, OXIDIZER VALVE POSITION TRANS~ 
DUCERS., 


3-168, This procedure applies to the No, land 
No. 2 oxidizer valves, 


3-169. REMOVING OXIDIZER VALVE DPOs!- 
TION TRANSDUCERS. (See figure 3-49, ) 


a. Observe safety, and contamination and 
damage prevenilon requirements outlined in 
section I, 


b. Disconnect plug (1) ag oullined In para- 
graph 3-14, 


c. Disconnect housing of transducer (2) from 
valve, and carefully pull housing away until 
inner plug clips and screws are accesalble, 


d, Remove clips (3), transducer (2), and 
packing (4), 


3-170. INSTALLING OXIDIZER VALVE POSI- 
TION TRANSDUCERS, (Sev figure 3-49.) 


a. If installing a replacement position 
transducer, verity that posttlon transducer 
preinstallation test outlined in section I has 
been performed, 


aA, Observe safety, and contamination and 
damage prevention requirements outlined in 
section I, 


b. Install packing (4) over transducer cable; 
then aline siot in arm of transducer with drive 
pin tn shatt, secure with clips (3), and tighten 
screws fingertight, 


c, With valve in fully closed position, 
measure rosigtance across the following pins. 
Loosen clips (%), if required, and rotate 
transducer to obtaln correct reading. 


(1) Pin Ato pin B: 482225 ohms 
(2) Pin Atopin C: 2,000 4100 ohms 
(3) Pin B to pin C: 2,120 4130 ohms 
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d, Torque screws for clips (3) te 2.0 to 2.5 
in- lb above locking feature. Do not exceed 
9,0 in-lb, 


e. Lubricate packing (4) with FS1281 grease 
{Dow Corning Corp) using (Method J) outlined 
in section I. Install packing and transducer 
housing, Cross-torque screws to 20-25 in-lb, 


f. Connect plug (1) as outlined in paragraph 
3-15, 


g. Refer to section IV for post-maintenance 
test requirements, and safetywire housing 
screws and plug following completion of re- 
quiremente, 


3-171. OXIDIZER DOME PURGE CHECK 
VALVE, 


4-172, This procedure applies to the No. 1 and 
No. 2 oxidizer valves. 


OXIDIZER 
YALVE (REF) 


P1-9-1-27 


1 Plug 3 Clip 
2 Transducer 4 Packing 


Figure 3-49. Oxidizer Valve Position 
‘Tranatucers 
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3-173. 
CHECK VALVE. 


REMOVING OXIDIZER DOME PURGE 
(See figure 3-50.) 


a. Observe safety, and contamination and 


damige prevention requiretnents outlined in 
section T, 


bh. Disconnect tube/line (1) from check valve, 
and remove and retain orifice plate (2), 


ec. Remove valve (3) and seal (4), 


3-174, INSTALLING OXIDIZEH DOME PURGE 
CHECK VALVE. (See figure 3-50.) 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
seciion I, 


: ies 
\ \\ ere 


a 
VALYH (REF) 


a 
Kei: Fede! +28 
1 Tube/Line 3 Valve 
2 Orifice plate 4 Seal 


Figure 3-50, Oxtdizer Dome Purge 
Check Valve 
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aA. Inspect that pin securing pate in valve 
(3) is installed. 


b. Install seal (4) and valve (3). Cross- 
torque bolts to 110-130 in-lb. Safetywire bolts. 


c, Aline No, 1 oxidizer dome purge tube or 
No, 2 oxidizer dome purge line (1) to valve (3), 
as outlined in paragraph 3-103; then install 
orifice plate with tab forward, and connect 
tube to valve, 


d, Cross-torque bolts to 3643 in-lb, Safety- 
wire bolts, and install an aluminum seal on 
loekwire, 


e, Refer to section IV for post- maintenance 
test requiremen‘s, 


8-174A. SEQUENCE VALVE. 


3-174B. This procedure applies to the No. 1 
and No. 2 oxidizer vaives. Disassemble the 
sequence valve, as required, to accomplish the 
necessary packings or parts replacement. 


3-174C. REMOVING SEQUENCE VALVE. (See 
figure 3-50A. ) 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I, 


b. Disconnect tube (12) from PRESS OUT 
port on sequence valve, and remove geal (13), 
Taste 11 protective closure on tube flange. 


ce, Disconnect tube (16) from PRESS IN purt 
on sequence valve, and remove seal (17). In- 
“tell protective closure on tube fiange. 
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i Bolt 9A Retainer) 14 Bolt 

2 Washer eB Plate!) 15 Washer 

a 6 6Cap 9C screw) 16 Tube 

4 Packing 9D Packing) 17 “Seal 

5 Retainer 9E Cylinder head®*) 18 Retainer 
6 Pin 10 Bolt 19 Packing 
7 Spring 11 Washer 20 = Packing 
8 Gate 12 Tube 21 Retainer 
9 Cylinder head 13) Seal 22 Ring 


8 fa) On oxidizer valve 409465-31 


——o 


Figure 3-504. Sequence Valve 
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d. Remove bolts (1) and washers (2) that 
secure Sequence valve to oxidizer valve cylin- 
der, and remove sequence valve. Two 1/4-28 
bolts may be iaserted into tapped holes in cap 
(3) to facilitate valve removal. Protect cyln- 
der from contimination with clean plastic sheet 
and strip, (I*cderal Specification L-P-378, 
Type Il). Seal plastic with pressure-sensitive 
tape RBO0195-002 (Rocketdyne) or (Federal 
Specification PPP- T-- 60}. 


e. Remove cap (3) from cylinder head 
(9, QE). 


f. On oxidizer valves except 409465- 31, 
remove packing (4) and retainers (5) from cyl- 
inder head (9). Da not remove nin (6), spring 
(7), and gate (8) from cylinder head (9) unless 
parts are to be replaced. 


g. On oxidizer salve 409465-31, perform 
the following: 


(1) Remove screws (9C) that attach plate 
(93) to cylinder heau (9E). Do not remove pin 
(6), spring (7), and gate (8) from cylinder head 
(9E) unless parts are to be replaced. 


(2) Remove packing (4), retainers (5), 
packing (9D}, and retainer (QA) fiom cylinder 
head (9E). 


h. Remove packing (/9), retainers (18), 
packing (20), and retainers (21) from cylinder 
‘head (8, 9E). Do not remove ring (22) from 
oxidizer valve piston rod, 


83-1741. INSTALLING SEQUENCE VALVE, 
(See figure 3-50A,) The lubricant used in this 


procedure is FS1281 grease (Dow Corning Corp). 


Specified lubricating procedures (methods) are 
outlined in section I, 


a, Observe safety, and contamination and 
damage prevention requirements outlined in 
section i. 
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b. Lubricate (Method L) packing (20); then 
insert packing and retainers (21) into center 
groove of cylinder head (9, 9E). 


c. Lubricate (Method J ) packing (19); then = J 
install packing and retainers (18) in large 
groove of cylinder head (9, 9E). 


u. Lubricate (Method J ) packing (4); then | 
install packing and retainers (5) in groove of 
eylinder head (9). 


e. If required, install gate (8) and spring (7) 
on cylinder head (8) and seeure with pin (6). 
Spring must be rotated 150 degrees in direction 
of spring twist during installation, to hold gate 
in a closed position against cylinder head. 


a 


{. On oxidizer valve 409465-31, perform the 
following: 


(1) Lubricate (Methud J ) packing (9D), | 
then install packing and retainers (9A) into 
center groove of cylinder head (9E). 


(2) Lubricate (Method J ) packing (4); then | 
install packing and retainers (5) in large groove 
of cylinder head (9E), 


(3) lf required, install gate (8) and spring 
(7) on plate (QR) and secure with pin (6), Spring 
must be rutated 180 degrees in direction of 
spring twist during installation, to hold gate in 
a closed position against plate. 


(4) Secure plate (9B) to cylinder head (9B) 
with screws (9C). ‘Torque screws to 20-30 in- Ib. 


g. Remove protective plastic from oxidizer 
valve cylinder, Inspect protective plastic to 
make certain that complete protective item is 
removed and that portions do not remain that 
could contaminate oxidizer valve. 
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h. Carefully position cylinder head (9, 9E) 
on yalve cylinder with PRESS IN port facing in- 
board side of oxidizer valve. Position cap (3) 
on cylinder head, and secure cap and cylinder 
head to valve cylinder with bolts (1) and washers 
(2). Toryue bolts to 175-271 in-1b. 


i. Remove protective closure, and aline tube 
(16) to PRESS IN port as outlined in paragraph 
3-103, Install seal (17), and connect tube with 
bolts (14) and washers (15), Cross-torque 
bolis to 3043 in-Ib, Safetywire bolts. 


j. Remove protective closure, and aline tube 
(12) to PRESS OUT port as outlined in paragraph 
3-103. (On No. 2 oxidizer valve, alinement of 
tube (12) is not required.) Install seal (13), 
and connect tube with bolts (10) and washers 
(11). Cross-torque bolts to 36 i3in-lb. Safety- 
wire bolts, 


k. Leak-test sequence valve cylinder head- 
to-cap joinis. (Refer to section IV for post- 
inaintenance test requirements. ) 


3-175, BEARING COOLANT CONTROL 
VALVE. 


3-176. REMOVING BEARING COOLANT 
CONTROL VALVE. (See figure 3-51. ) 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section J. 


b. Remove tube (1) and seal (2). 


c. On engines incorporating MD150 or 
MD151i change, remove tube (3) and seals (4). 


d. Disconnect plug from transducer as out- 
lined in paragraph 3-16. 


e. Remove bracket (5), transducer (6), ard 
seal (7). 


f, Disconnect tube (8), and remove seal (9). 


g. On engines nol incorporating MD150 or 
MD151 change, remove elhow (10), nut (11), 
ring (12), and gasket (13). On engines incorpo- 
rating MD150 or MD151 change, remove tee 
(14), rut (IT), ring (12), and gasket (13). 
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h. Disconnect hose (15) and tube (16), and 
remove seals (17). 


i, If valve will be replaced, remove coupling 
(18), retainer (19) and O-ring (20). 


j. Remove valve (21) from bracket (22) by 
removing 4 bolts aud 4 washers from back side 
of bracket (22). 


3-177, INSTALLING BEARING COOLANT 
CONTROL VALVE. (See figure 3-51,) The lu- 
bricant used in this procedure is lubricant 
rease RBO140-012 (Rocketdyne). Specified 
lubricating procedures (methods) are outlined 
in section 1. If the bearing coolant control 
valve is replaced. the original integral orifice 
must be installed in the replacement valve, or 
if the orifice is replaced, the replacement 
orifice must be within the machining tolerance 
of the size recorded in the Engine Log Book. 
Removal and installation procedures for the 
orifice are outlined in R-3896-3, Volume II. 
Orifice replacement and repair procedures ai» 
outlined in section f. 


a. Observe safety, and contamination and 
damaye prevention requirements outlined in 
section I. 


b. Install valve (21) on bracket (22). Cross- 
torque bolts to 40-50 in-lb. Safetywire bolts. 


c. If valve was replaced, lubricate (Method 
J) O-ring (20), Install O-ring, retainers (19), 
and coupling (18), Cross-torque boits to 40-50 
in-ib, Safetywire bolts. Torque cap, if re- 
guired, to 30-40 ft-lb. 


d. Install seals (17), tube (16), and hose 


(15). Cross-ltorque bolts to 40-50 in-lb. Safety- 
wire bolts. 


(13). Install nut (11), ring (12) and gasket (13) 
on elbow. Lubricate (Method A) elbow (10), and 
install elbow. Torque nut (11) to 75-100 in-lLb. 
Safetywire nut. 


ood 
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BEARING COOLANT 
CONTROL VALVE - 


F1-3.1-39 

1 Tube 8 Tube 15 Hose 
2 See) 9 Seal 16 Tube 
3 Tuba (a) 10 Elbow?) 17 Seals 
4 — Seal la) 11 Nut 18 Coupling 
5 Bracket 12 «Ring 19 Retainer 
6 Yransducer 138 Gasket 20 O- ring 
vi Seal 14 Teel?) a1 Valve 

22 Bracket 


Ya) Engines incorporating MD150 or MD151 change 
(b) Engines not incorporating MD150 or MD151 change 


Figure 3-61. Bearing Coolant Control Valve 
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f. On engines incorporating MD150 or 
{ MD151 change, lubricate (Method J) gasket 
(13). Install nut (11), ring (12), and gasket 
g (12) ontee. Lubricate (Method A) tee (14), and 
install tee. Torque nut (11) to 75-100 in-Ih. 
Safely wire nut. 


gy. Lubricate (Method G) tube (8). Install 
seal (9), and connect iube (8) to tee or elbow, 
ag applicable. Torque tube coupling nut to 
160 +10 in-lb. Safetywire coupling nut. 


h. Install seal (7) and transducer (6). Croga- 
torque bolts to 45 +5 in-lb. Safetywire bolts. 


i. Install bracket (5). Torque bolts to 
45:5 1n-lb. Safetywire bo.ts. 


j. Connect plug to transducer as outlined in 
paragraph 3-17. 


k. On engines incorporating MD150 or 
— MD151 change, lubricate (Method G) tube (3). 
Install seals (4) and tube (3). Torque coupling 
nuts to 160 410 in-lb. Safetywire coupling 
nuts, 


i 1. Install seal (2) and tube (1), Torque bolts 

to 15-20 in-lb. Safetywire bolts. Torque cou- 
pling nut to 330 415 in-lb above prevailing torque 
of coupling nut, Prevailing torque is obtained 
prior to seating of coupling nut and must be 
24-200 in-Ib. 


f mm. If static firing instrumentation is intalled, 
torque nuts for tube supporting clamps to 8-10 
in-Jb. 


i. Refer to section IV for post- maintenance 
test requirements. 


Section Hl 
Paragraphs 3-178 to 3-180 


3-178, BEARING COOLANT CONTROL VALVE 
FILTERS, 


3-179. REMOVING BEARING COOLANT 
CONTROL VALVE FILTERS. (See figure 3-51. ) 


a. Remove coupling (18}, retainers (19), and 
O-ring (20). Retain coupling for installation. 


b. Refer to R-3896-3, Volume II, and replace 
filters as outlined in applicable procedure. 


3-180. INSTALLING BEARING COOLANT 
CONTROL VALVE FILTERS. (See figure 
$- 51.) 


a. Lubricate O-ring (20) with lubricant 
grease RBO140-012 (Rocketdyne). Apply lu- 
bricent using Method J outlined in section I. 


b. Install O-ring (20), retainers (19), and 
coupling (18). Cross-torque bolts to 40-50 
in-ib. Safetywire bolts. 


c. If required, torque cap for coupling to 
30-40 ft-lb. 


da. Refer to section IV for post-maintenance 
test requirements. 
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3-181. HYPERGOL MANIFOLD. 


3-182. The hypergol manifold assembly may be 
removed as specified in paragraph 3-183. Re- 
pair of the hypergol manifold installed on the 
engine is limited to replacement of the fuel drain 
and purge flange-mounted quick-disconnecta 
and reinstallation or replacement of the hyper- 
gol cartridge container and hypergol installed 
Switch. 


3-183. REMOVING HYPERGOL MANIFOLD. 
{See figure $- 52.) 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I, 


b. Remove thermal insulation frame 145477, 
if installed. (Refer to R-3896-6. ) 


NOTE 


Residual fluids may be in lines and 
hypergol manifold. 


c. Disconnect plug (1) as outlined in para~ 
graph 3-14. 


d, Eemove tube (2). If hypergol manifold 
will be replaced, remove elbow (3), gasket (4), 
ring (5), and nut (6). 


ie. 


f, Remove tube (9), O-ring (10), spaver (11), 
and O-ring (12). (The same parts are used at 
fuel duct end of tube. ) 


Disconnect hose(7), and remove seal (8). 


g. i hypergol manifold will be replaced, re- 
move plug (13), gasket (14), adapter (15), and 
seal (16), 


h. Remove tube (17), If hypergol manifold 
will be replaced, remove transducer (18) and 
gasket (19). 

i. Disconnect tube (20), andremove seal (21), 

j. Disconnect tube (22), andremove seal (23). 


k. Disconnect tube (24) (detail A), and re- 
move seal (25), 


1. Disconnect line (#6) (detail A), and re- 
move seal (27). 
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m. Disassemble and remove retainer (28) 
(detail B). The retainer corsists of matched 
parts. If one part requires replacement, the 
retainer must be replaced. 


hn. Remove bracket (29) (detail B). 


o. Disconnect tube (30) (detail B) at fue! 
manifold, and remove seal (31). 


p. Remove coupling (32), retainers (33), and 
O-ring (34); then remove tube (30), retainers 
(85), and O-ring (36). 


q. Remove clamp (37). 


r. Remove bracket (38) and hypergo! mani- 
fold by removing bolts that attach bracket to 
fuel manifold, Bushing (39) may be loosened, 
if necessary. 


s. Remove bolts that attach bzacket (88) to 
hypergol manifold. 


3-184, INSTALLING HYPERGOL MANIFOLD. 
(See figure 3-52.) The lubricant used in this 
procedure is lubricant grease RBO140-012 
(Rocketdyne). Specified lubricating procedures 
(methods) are outlined in section I. 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I, 


b. Attach bracket (38) to hypergol manifold, 
Torque bolts to 150 15 in-lb. Safetywire bolts, 


c, Install bracket (38) in place, Torque nuts 
io 12545 in-lb. Jf bushings (89) were removed, 
they must Le installed prior to installing bolts. 
Adjust bushings against bracket of fuel manifold, 
and torque bushing nuts to 200 410 in-Ih. 
Safetywire bushings. 


d. Ingtall clamp (37). Torque nuts to 
35 +5 in-lb. 
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MANIFOLD 
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Figure 3-52, Hypergol Manifold (Shect 1 of 2) 
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oc tnnnen ana IREIEEE tet aia ineteeen enchant 


Figure 3-52, Hypergol Manifold (Sheel 2 of 2) 


e. Lubricate (Method J) retainers (93, 35) h, On engines incorporating MD162 or MD1i63 
and O-rings (34, 36) and connect tube (JO) and change, install bracket (29) and retainer (28), 
coupling (32) to hypergol manifold (40), Cross- Adjust position of parts so that no force is 
torque bolts to 75 45 in-lb. Safetywire bolts. exerted on tube (30) after fasteners are tightened, 

Torque fasteners that attach bracket (29) to 

f, Aline ignition monitor valve sens. tube engine to 120 415 in-lb, Torque iasteners that 
(30) to thrust chamber fuel manifold, Install attach retainer (28) to bracket (28) to 100 +10 
seal (31) and connect tube to manifold, Cross- in-lb, Torque bolts of retainer to 85 410 in-Th, 
torque nuts to 52 35 in-]b, Safetywire retainer bolts, 


g. (Deleted) 
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i. Install seal (27), and connect line (26). 
Cross-torque bolts to 46 +3 in-lb. Safetywire 
bolts. 


j. Aline prope}lant valves open tube (24) to 
hypergol manifold (40) as outlined in paragraph 
3-103; then install seal (25), and connect tube 
to hypergol manifold, Cross-torque bolts to 
8525 in-lb. Safetywire bolts, 


k, Install seal (23), and connect tube (22) to 
hypergol manifold (40), Cross-torque bolts to 
36 +3 in-lb. Safetywire bolts, 


1, Install seal (21), and connect tube (20) to 
hypergol manifold (40), Cross-torque bolts to 
3643 in-lb, Safetywire bolts, 


m. If redvcer (18) and gasket (19) were re- 
moved, lubricate (Method J) gasket and lubri- 
cate (Method A) reducer. Install gasket and 
reducer. Torque reducer to 100-150 in-lb. 


n. Lubricate (Method G) tube (17). Lubricate 
(Method A)union and install tube (17). Hold 
reducer and torque tube coupling nuts to 
270-345 in- Ib. 


o. If parts indexed (13 through 16) were 
removed, install seal (16) and adapter (15). 
Cross-torque bolts to 22 42 in-lb; then lubricate 
(Method J) gasket (14) and (Method A) plug (13). 
Install gasket and plug. Torque plug to 40-65 
in-Ib. Safetywire plug and bolts. 


p. Aline igniter fuel supply tube (9) to 
hypergol manifold (40) or No, 1 fuel high- 
pressure duct as outlined in paragraph 3~-104A, 


q. Lubricate (Method K) 4 O-rings (10, 12)and 
install O-rings in flange and spacer grooves at 
each end of tube. 


CAUTION 


Spacers must not bs rotated during 
assembly in tube or whew tube is 
installed. Damage tu O-rings inay 
result, 


qA. Aline markings on spacers and flanges 
and install spacers in tube. 


qB. Carefully install tuhe. Make sure O- 
rings in grooves are in place, and cross-torque 
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qC. Safetywire bolts and remove markings 
from flange. 


r, Install seal (8) and connect hose (7), | 
Cross-torque bolts to 8545 in-lb. Safetywire 
bolts. 


8. If parts indexed (3 through 6) were re- 
moved, lubricate (Method J) gasket (4) and 
ring (5). Install elbow (3) and aline with tube 
(2). Torque nut (6) to 150-200 in-Ib. Safetywire 
nut. 


t. Lubricate (Method G) tube (2), and install 
tube. Torque tube coupling nuts to 270-345 in- lb. 


u. Connect plug (1) as outlined in paragraph 
3-15, 


v. Install thermal insulation frame 145477 
as outlined in R-3896-6. 


w. Refer to section IV for post- maintenance 
test requirements. 


3-185. HYPERGOL MANIFOLD CARTRIDGE 
CONTAINER. . ~ 


3-166. The hypergol manifold cartridge con- 
tainer may be removed and reinstalled or re- 
placed with the hypergol manifold installed on 
the engine. 


3-187. REMOVING HYPERGOL MANIFOLD 
CARTRIDGE CONTAINER. (See figure 3-53. ) 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I. 


b. Disconnect line (1), and remove seal (2). 


c. Remove clanip (3), 


d. Remove container (4), retainer (5), and 
O-ring (6). 


e. Remove closure (7) and packing (8) from 
container, if required, Retain closure, 


3-188. INSTALLING HYPERGO!, MANIFOLD 
CARTRIDGE CONTAINER, (See figure 3-53.) 
Specified lubricating procedures (methods) are 
outlined in section I. 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I. 
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b. Lubricate (Method J) O-ring (6) with lubri- 


cant grease RB0140-012 (Rocketdyne), and in- 
stall O-ring and retainers (5) on container (4), 


ec. Lubricate (Method Z) sliding surface of 
container (4) with lubricant grease RBO140-012 
(Rocketdyne), and apply additional grease on 
O-ring (6). 


d. Install container (4), and cross-torque 
bolts to 155-185 in-lb. Safetywire bolts. 


e. Install clamp (3), and torque nuts to 
35 25 in-lh. 


f. Install seal (2), and connect line (1). 
Cross-torque bolts to 85 +5 in-lb. Safetywire 
bolts. 


g. If closure (7) and packing (8) were re- 
moved, lubricate (Method L) packing (8) with 
FS1281 grease (Dow Corning Corp) and install 
packing on closure (7). inétall closure (7) aud 
secure with retainer, 
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3 Clamp 5 Retainer 
4 Container 8 O-ring 


Figure 3-53. Hypergol Manifold Cartridge Container 
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7 Closure 
8 Packing 


3-189, HYPERGOL INSTALLED SWITCH, 


3-190. REMOVING HYPERGOL INSTALLED 
SWITCH. (See figure 3-52.) 


a. Using method outlined in paragraph 3-14, 
disconnect plug (1) from hypergol installed 
switch. 


b. Remove switch (41) and packing (42). 


3-191, INSTALLING HYPERGOL INSTALLED 
SWITCH. (See figure 3~52.) Specified lubri~- 
cating procedures (methods) are outlined in 
section [, 


a, Lubricate (Method J) packing (42) with 
FS1281 grease (Dow Corning Corp). 


b, Install packing and switch (41). Torque 
bolts lo 27-33 in-Ib. Safetywire bolta, 


c. Install plug (1) using method outlined tn 
puragraph 3-25, 


d. Refer to section (¥ for poat-matntenance 
test requirementa. 
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3-191A, IGNITION MONITOR VALVE CAP, 


3-191B, REMOVING IGNITION MONITOR 
VALVE CAp, (Sec figure 3-534. ) 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I, 


b. Remove bolts (1) and washers (2) attacning 
retainer (3) over tube (14); then remove retainer, 
(The retainer consists of matched parts, If one 
part requires replacement, the entire retainer 
must be replaced.) 


c. Remove nuts (4), washers (5, 7), and 
bolts (6) attaching tube (14) to thrust chamber 
fuel manifold; then carefully remove seal (8), 


d. Remove bolts (9) wd washers (10) attach- 
ing coupling (11) and tube (14) to ignition 
monitor valve; then remove coupling and tube 
and retainers (12) and O-rings (13). 


CAUTION 


In the following step, diaphragm (19) 
and cover (20) may be damaged if 
allowed to drop out when cap (17) is 
removed, 


e. Eemove bolts (15) and washers (16) 
attaching cap (17) to ignition monitor valve; 
then carefully remove cap, packing (18), 
diaphragm (19), and cover (20), 


3-791C,. INSTALLING IGNITION MONITOR 
VALVE CAP, (See figure 3-53A.) The lubri- 
cant used in this procedure is lubricant grease 
RBO140-012 (Rocketdyne). Specified lubrication 
procedures (methods) are outlined in section J, 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I, 


t Measure and record thicknesa of 
diaphragm (19). Minimum allowable thickness 
is 0.0070 tnch. 
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CAUTION 


Laminations of diaphragm (19) 
must not be separated, 


c, Lubricate (Method J) packing (18) and 
install in groove in face of cap (17); then place 
diaphragm (19) on cap. Diaphragm convolution 
must face into ignition monttor valve body, 


d, Uf engine is in vertical position, center 
cover (20) in the installed position on diaphragm 
(19) and carefully install cap (17), diaphragm, 
and cover as an assembly. 


e. Hf engine is in horizontal position, install 
cover (20); then install cap (17) anc diaphragm 
(19). 


f. Aline holes {n cap (17) and diaphragm (19) 
with holes in ignition monitor valve body and 
secure with washers (16) and bolts (15), Torque 
bolts (15) to 50-60 in-Ib above torque required fo 
turn through locking device, using cross-torque 
method and in increments of one-third total 
torque until all bolts are torqued, Safetywire 
bolts. 


g. Lubricate (Method J) retainers (12) and 
O-rings (13). Install tube (14) and coupling (11) 
with washers (10) and bolts (9). Cross-torque 
bolts (9) to 75 45 in-lb, 


h. Refer to paragraph 3-103 and aline tube 
(14) to thrust chamber fuel manifold. 


i, Install seal (8) and secure tube (14) to 
thrust chamber [uel manifold with washers (5, 
7;, bolts (6), and nuts (4). Cross-torque nuts 
to 52 +5 in-lb, 


j. Safetywire bolts (9), 
k, Install retainer (3) with washers (2) and 


bolts (1), Torque bolts to 85 410 in-lb, Safety- 
wire bolts, 
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1 Bolt 11. Coupling 

2 Washer 12 Retatner 

3 Retainer 13 O-ring 

4 Nut 14 Tube 

5 Washer 15 Bolt 

6 Bolt 16 Washer 

7 Washer 17 Cap 

8 Seal 18 Packing 

9 Bolt 19 Diaphragm 
10 Washer 20 Cover 


ere Crem et re ener ea 


Figure 3-53A, ignition Monitor Valve Cap 
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3-192. ENGINE CONTROL VALVE. 
3-193, REMOVING ENGINE CONTROL VALVE. 
(See figure 2-54.) This procedure removes the 
engine control valve and includes a dimensional 
check to determine if the engine supply tuhe re- 
quires removal. Specified Wbricating proce- 
dures (methods) are outlined in section I. 


a, Observe safety, and contamination and 
dainage prevention requirements outlined in 
section I, 


b. Provide a suitable container to catch 
residual fluids as equipment is disconnected. 


c. Disconnect plugs (1, 2) as outlinert in 
paragraph 3-14, 


cA. In the following steps during installation 
of closures on engine control valve flanged 
ports, lubricate (Method A) closure fasteners 
with lubricant grease RB0140-032 (Rocketdyne). 
NOTE 


Steps d through j apply to engines 
not incorporating Mb96 change. 


a. Disconnect tube (3), and remove seal (4). 


8, Disconnect tube (5), and remove seals 
(6, 8). 


f. Disconnect plugs from transducers as 
outlined in paragraph 3-16, 


g. Disconnect block (9) from valve, and 
remove transducer and adapter (7) as an 
assembly. 


h. Disconnect tube (10}, and remove seal 
(11). 


i, Disconnect tube (12), and remove seals 
(13, 15). 

j. Disconnect block (16) from valve, and 
remove transducer and adapter (14) as nn 
assembly, 


k. On engines incorporating MD96 change, 
disconnect tube (17), and remiove seal (18), 


1, Disconnect house (19) and remove seal (20), 


m, Remove line (21) and seals (22, 23), 
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n. On engines not incorporating MD1£0 or 
MD151 change, remove tube (24) and séal (25), 
If valve will be replaced, remove elbow (26), 
nut (27), ring (28), and gasket (29), On engines 
incorporating MD150 or MD151 change, plug 
(31) and seal (30) may be left Installed. 


o, Disconnect hose (32). If valve will be 
replaced, remove elbow (33), nut (34), ring 
(35), and gasket (36). 


oA. Mark across flanges of tube (37) and 
spacer (38) using a marking method that can be 
removed. Disconnect tube at valve, and within 
10 minutes, measure and record gap, offset, 
and angulation, See figure 3-33 for examples 
and maximum allowable limits. 


oB. Rolate spacer, and repeat measurements 
until a maximum gap is obtained within limits, 
Mark across flanges for final acceptable condi- 
tion, and remove any other markings. 


CAUTION 


Tf tube (37) is not removed, {it must 
tot be subjected to stresses since 
alinement may be affected or the 
duct inserts may be damaged. 


NOTE 


Step p is performed only if the con~ 
dition specified in step oA cannot be 
obtained, 


p. Mark across Danges and spacer at high- 
pressure duct end uf tuhe, and remove tuhe (37), 
spacer (38), O-rings (39), spacer (41), and 
O-rings (40), 


qg. On engines incorporating MD96 change, 
disconnect line (42) and remove seal (43), 


r. Disconnect hose (44), If valve will be 
replaced, remove reducer (45) and gasket (46). § 


8. Remove valve (49) from support (48) by 
removing bolts from inner side of support. 


t. If support (48) requires removal, remuve 
bushing (47) and support. 


u. If engine control valve is removeu for 
replacement with a spare valve, replace soft 
goods on removed valve before placing valve 
in spares inventory, 
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3-194, INSTALLING ENGINE CONTROL 
VALVE, (Seo figure 3-54.) The lubricant 
uged in thls procedure is lubricant grease 


RBO140-012 (Rocketdyne). Specified lubricating 


procedures (niethods) are outlined in section I. 


a. If installing a replacement engine control 
valve, vorify that engine control valve prein- 
stallation tests outlined in secticn I have been 
performed, 


aA. Observe safety, and contamination and 
damage prevention requirements outlined In 
section I, 
NOTE 


Steps b through ac install the engine 
control valve if tube (37) was re- 
moved, Steps ad through bb install 
the engine contro] valve if tube (37) 
was not removed. 


b. Assemble valve (49) to support (48), Do 
not torque bolts, 


c. Lf support was removed, install valve and 
support, Aline support with hole 55 of lower 
tooling ring, and install bushing (47). Do not 
torque nuts, 


d. On eu.gines incorporating MD96 change, 
install seals (18, 43) and connect tube (17) and 
line (42). Cross-torque bolts to 85 45 in-Jb, 
Safetywire bolis. 


e. If support (48) was removed, torque nuts 
for support to 375 425 in-Ib, 


f, Loosen bolts that attac). valve to support; 
then torque bolts to 350 410 in-lb. Safetywvire 
volts, 

«, Aline engine supply tube ‘3'7) to engine 
eontrol valve (49) or No, 2 fuel high-pressure 
duct as outlined in paragraph 3-104A, 


h, fabricate (Method K) 2 O-rings (39) and 
install in grooves of snacer (38), 


i, Lubricate (Method K) 2 O-rings (40) and 
install in grooves of spacer (41) and flange 
groove, 
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CAUTION 


Spacers must not be rotated during 
aasembly in tube or when tibe is 
installed, since da rage to O-rings 
may result. 


j. Aline markings on flanges and instal] 
spacers (38, 41) in tube. 


k. Carefully install tube. 
in grooves are in place, and cross-torque bolts 
at valve end to 85 +£ in-lb; then cross-torque 
bolts at duct end to 85 45 in-Ib, 


1, Safetywire bolts, and remove markings 
from flanges. 


NOTE 


Safetywiring and removal of mark- 
ings may be performed fcllowing 
leak testing, 


m. If reducer (45) and gasket (46) were re- 
moved, lubricate (Method J) gasket and lubricate 
(Method A) reducer (large end onty), Install 
reducer and gasket. Torque reducer to 180-2380 
in-lb. 

tt. Connect hose (44) to reducer (45), Do not 
lubricete reducer threads, 


before flare seats. Recor-led torque must be 
35-200 in-Ib, Continue to torque coupling nut 
to 270-345 in-Ib above recorded torque. 


oO. Lubricate (Method J) gerket (38) and ring 
(35) and lubricate (Method A) longer end of 
elbow (33). Assemble elbow (33), nut (34), ring 
(35), and gasket (36), Install elbow and aline 
for connection of hose (32), Torque nut (34) to 
75~100 la-Ih. Safetywire nut. 


p. Connect hose (32) to elbow (33). Do not 
lubricate threads of elbow. 


before flare seais. Recorded torque must he 
35-300 t4-Ib, Continue to torque coupling mut 
to 18-230 in-lb above recorded torque. 


Make sure O-rings 


Torque hose coupling 
nut, and record torque velue during last 1/2 turn 


Torque hose coupling 
nut, and record torque valuo during last 1/2 turn 


Ee 
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1 Plug 13 Seat) (a) 
2 Plog 14 Ada rf 
3 Tub . 15 Seal) 
Sabet it tug) 
6 Seal) (a) 18 sexi) 
7? Adapter 19 Hoge 

a Seal) 26 Seal 

9 Bloc iy 21 Line 
10 Tub 22 Seal 

11 Seal 2) 23 Seal (.) 
i2 Tube) %4 Tube 


Engines not Incorzo rating MD96 change 
Engines incorporating MD96 change 


See 
Tee 


(g) 


Allowable alternate packing (age controlled), 


If valve was replaced, lubricate (Method 
J) gasket (30) and lubricate (Method A) plug 
(31), Install gasket and plug (31). Torque plug 
to 20-40 in-lb, Safetywite plug. 


r. On engines not incorporating MD150 or 
MD15t change, lubricate (Method J) gasket (29) 
and ring (28) and lu’oricate (Method A) longer 
end of elbow (26). Assemble elbow, nut (27), 
ring (28), and gasket (29), Instail elbow and 
aline with tube (24). Torque nut (27) to 75-100 
in-lb. Safetywire nut. 


8, Gn engines not incorporating MD]50 or 
MDipi change, }ubricate (Method G) tube (24). 
Install seal (25) and tube (24). Torque tube 
coupling nuts to 160 +10 in-Ib. Safetywire 
coupling nuts. 


t. Install Itne (21) and seals (22, 23). Cross- 
torque bolts a! engine control valve to 190 45 
in-lb, Cross-torque remaining bolte to 85 5 
in-lb, Saietywire bolts, 


u. Install hose (19) and seal (20), Cross- 
torque bolts to 8525 In-lh, Safetywire bolts. 


NOTE 


Steps v through aa apply to engines 
not incorporating MD96 change. 
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&5 Seale) 37 Tube 
26 Elbey) 38 Spacer 
27 Nutle 39 O-ring 
28 Ring(®) 40 C-ring 
29 Gasket(e) 41 Spacer 
30 Geehet tite) 42 Line(b) 
31 Plug(f) 43 Seallb) 
32 Hose 44 Hose 
$3 Elbow 45 Reducer 
34 Nut 46 Gasket(s) 
35 Ring 47 Bushing 
36 Gasket (6) 48 Support 
49 Valve 


Engines not incorpcrating MD15Q or MN151 change 
Engines incorporating MD150 or MD151 change 


nena a a tee mee 


v. Install seals (13, 18), adapter (14), and 
tube (12). Cross-torque bolts to 60 45 in-Jb. 
Safetywire bolts. 


w. Attach bioch (16) to valve. Torque bolts 
to 45 45 in-tb. Safetywire bolts. 


x. Lubricate (Method G) tube (19). Install 
seal (11) and tube (10). Torque tube coupling 
nut to 160 +10 in-lb, Safetywire coupling nut. 


y. Install seals (8, 6), adapter (7), and tube 
(5), Cross-torque bolis to 6015 in-lb, Safety~ 
wire bolts. 


z. Attach bluck (9) to valve, Torque holts 
to 4545in-Ib, Safetywire bolts. Attach plugs 
to transducers as outlined in paragraph 3-17, 


aa. Lubricate (Method G) tube (3). Install 
seal (4) and tube (3). Torque tubc coupling nut 
to 160410 in-lb. Safetywire coupling nut. 
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ab. Connect plugs (1, 2) as outlined in para- 
graph 3-15, 


ac. Refer to section IV for post-maintenance 
test requirements, 


CAUTION 


Tube (37) must not be subjected 
to stress since alinement may be 
affected, or the duct inserts may 
be damaged. 


NOTE 


Steps ad through bb are used if 
tube (37) was not removed, 


ad, Lubricate (Method K) 2 O-rings (39) 
and install in groove of spacer (38), Install and 
retain spacer in tube end with markings on 
flanges alined. 


CAUTION 


Extreme care must be used when 
installing the valve to prevent 
damaging sealing surfaces and to 
make sure that the spacer and 
O-rings remain in place. 


ae. Carefully attach valve (49) to support 
(48). Tighten support-to-valve bolts so that 
valve can alill be moved, 


af, On engines incorporating MD96 change, 
instal seal (43) and connect tube (42). Install 
volts loosely. On engines not incorporating 
MDQ6 change, install parts indexed (12 through 
15). Install bolta lovsely. 


ag. On engines incorporating MD96 change, 
install seal (18) and connect tube (17). Install 
bolts loosely. On engines not incorporating 
MD96 change, install parts indexed (5 through 
8). Install bolts loosely, 


ah. Install seal (20) and connect hose (19). 
Install bolts loosely, 


ai. Install line (21) and seals (22, 23), In- 
stall bolts loose:y. 


aj. Cross-torque support-to-vaive bolts to 
350 +10 tn-lb. 


ak, Cross~-tarque flange bolts for following 
parts to values indicated, 


(1) Tube (5) (engines not incorporating 
MD96 change): 6045 in~lb, Tube (17) (engines 
incorporating M06 change): 86 15 in-Ib. 


(2) Hose (19): 8545 in-Ib, 


(3) Tube (12) (engines not incorporating 
MD96 change): 80+5 in-lb, Line (42) (engines 
incorporating MD96 change): 85 +5 in-lb, 


(4) Lina (21): 10045 in-lb (engine control 
valve end), 85 45 in-1b (checkout valve end). 


al. Check dimensions for tube (37). Dimen- 
sions must be within linits specified in figure 
3-33, 


am, Cross-torque flange bolts for tube (3'7) 
to 85 +5 in-lb. 


NOTE 


Flange bolts for tube (37) may be 
safetywired following leak testing. 


au. Safetywire all bolts torqued in steps aj 
through al. 


ao, If reducer (45) and gasket (46) were 
removed, lubricate (Method J) gasket and 
lubricate (Method A) reducer (large end only), 
Instali reducer and gasket. Torque reducer 
to 180-230 in-Ib. 


ap. Connect hose (44) to reducer (45). Do 
not lubricate reducer threads. Torque hose 
coupling nut, and record torque value during 
last 1/2 turn before flare seats. Recorded 
torque ust be 35-200 in-ib, Continue to 
torque coupling nut to 270-345 in-lb above 
recorded torque. 


ag. Lubricate (Method .J) gasket (36) and 
ting (35) and lubricate (Method A) longer end 
of elhow (33). Assemble elbow (33), nut (34), 
ring (35), and gasket (36). Lustall elbow and 
aline for connection of hose (32). Torque nut 
(34) to 75-100 in-Ih, Safetywire nut. 
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ar. Connect hose (32) to elbow (33), Do not 
lubricate threads of elbow. ‘Torque hose coupling 
nut, and record torque value during Jast 1/2 turn 
before flare seats, Recorded torque must be 
35-300 in-lb, Continue to torque coupling nut 
to 180-230 in-lb above recorded torque. 


as. If vaive was replaced, lubricate (Method 
J) gasket (30) and lubricate (Method A) plug 
(31). Install gasket and plug (31). Torque 
plug to 30-40 in«lb. Safetywire plug. 


at, On engines rot incorporating MD150 or 
MD151 change, lubricate (Method J) gacket (29) 
and ring (28) and lubricate (Method A) longer 
end of elbow (26), Assemble elbow, nut (27), 
ring (28), and gasket (29). Install elbow and 
aline with tube (24), Torque nut (27) to 75-100 


in-lb. Safetywire nut. 


au. On engines not incorporating MD150 or 
MfM151 change, lubricale (Method G) tube (24). 
I..stall seal (25) and tube (24), Torque tube 
coupling nuts to 160 410 in-lb. Safetywire 


coupling nuts, 
NOTE 


Steps av through az apply to engines 
not incorporating MD96 change. 


av. Attach biock (16) to valve, Torque bolts 
to 4545 in-lb. Safetywire bolts, Attach connec- 
tor as outlined in paragraph 3-17. 


aw. Lubricate (Method G) tube (10). Install 
seal (11) and lube (10). Torque tube conpling 
nut to 160 410 in-ib, Safetywire coupling nut, 


ax. Inetall seals (8, 6), adapter (7), and 
tube (5), Cross-torque bolts to 60 +5 in-1b. 
Safetywire bolts. 


ay. Attach biock (9) to vaive. Torque bolts 
to 4545 in-Jb. Safetywire bolts. Attach connec- 
tor 1.0 transducer as outHned in paragraph 3-17. 


az, Lubricate (Method G) tube (3), Install 
seal (4) and tube (3), Torque tube coupling nut 
Safetywire coupling nut, 


ba, Connect plugs (1, 2) as oullned in para- 
groph 3-15. 


bb. Refer to section IV for post- maintenance 
test requirements. 
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3-195. ENGINE AND GSE HYDRAULIC SUPPLY 
CHECK VALVES. 

3-196. The engine and GSE hydraulic supply 
check valves of the engine control valve may be 
replaced with thy engine control valve installed 
on the engine. 


38-197, REMOVING ENGINE AND GSE 
HYDRAULIC SUPPLY CHECK VALVES. 
(See figure 3-55.) Specified lubricating pro- 
eedures (methods) are outlined in section I. 


NOTE 


Steps a and b remove valve (3). 
Steps c through e remove valve (11). 


a. Remove seal (2). Remove cap that sup- 
ports Hne at engine centerline, 


b. Remove valve (3), retainers (4), and 
packing (5). 


c. Disconnect tube (6) at ful valve. 


d, Disconnect tube (6) at valve. Remove tube 
(6), spacers (8, 10), and O-rings (7, 9). 


e. Remove valve (11), retainers (12), and 
packing (13). 


f{, Lubricate (Method A) closure fasteners 
with lubricant grease RBO140-012 (Rocketdyne) 
before installing closures on threaded flanged 
ports of valves ($, 11) and on engine control 
valve, 


3-198, INSTALLING ENGINE AND GSE 
HYDRAULIC SUPPLY CHECK VALVES. 
(See figure 3-55.) Specified lubricating pro- 
cedures (methods) are outlined in sectton I. 


NOTE 


Steps a through d install parts in- 
dexed (1 through 5), Steps e through 
IC install parts indexed (6 throug 13). 


a. Lubricate (Method M) packing (5) with 
hydraulle wuid (MUL-H-5608}, Inatall packing 
and retatners (4) on valve (3), 


b. Install valve (3), and crogs-torque bolts 
to 80-100 in-lb, Safetywire bolts. 
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ENGINE AND GSE 
HYDRAULIC SUPPLY en 
CHECK VALVES AND oe P 


FIL ERRS 
—~ 


I 


1 Line 7 O-ring Packing 19 Packing 
2 Seal § Spacer 14 Cover 20 Retainer 
3 Valve 9 O-ring 15 Filter 21 Packing 
4 Retainer 10 Spacer 16 Filter 22 Packing 
& Packing 11 Valve 17 Retainer 

___8 Tube ia_Retainer 18 Packing 


c. Install seal (2). Connect line (1), and 
crogs-torque bolts to 8545 in-lb. Saferywire 
bolts, 


d. InstaJl line support cap at engine center- 
line. Torque nuts to 45 +2 in-lb. 


e. Lubricate (Method M) packing (13) with 
hydraulic fluid (MIL-H- 5606), Install packing 
and retainers (12) on valve (11). 


f. Install valve (J1), and cross-torque bolts 
to 80-100 jn-Ib. Safetywire bolts. 


g. Aline engine supply tube (6) and spacers 
(8, 10) to valve (11) as outlined in paragraph 
3-104A, 


Figure 3-55, Engine and GSE ilydraulic Supply Check Valves and Filters 


h. Lubricate (Method K) 2 O-rings (9) with 
lubricant grease RB0140-012 (Rocketdyne) and 
install in grooves of spacer (10), 


i. Lubricate (niethod K) 2 O-rings (7) with 
lubricant grease RB0140-012 (Rocketdyne) and 


install in grooves of spacer (8)and flange groove. 


CAUTION 


Spacers must not te rotated during 
assembly in tube or when tube is 
installed. Damage to O-rings may 
result, 


iA. Aline markings on flanges and install 
spacers (8, 10) in tube. 
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eal 


in-lb, 
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iB. Carefully install tube. Make sure 
O-vings in grooves are in place, and cross- 
torque bolts at valve end to 85 +5 in-lb; then 
cross-torque bolts at duct end to 85 15 in-lb, 


iC, Safetywire bolts and remove markings 
from flanges. 


j. Refer to section IV for post-maintenance 
test requirements, 


3-199, ENGINE CONTROL VALVE FILTERS. 


3-200. ‘The engine control valve filters may be 
removed and replaced with the engine control 
valye installed on the engine, 


3-201. REMOVING ENGINE CONTROL VALVE 
FILTERS. (See figure 3-55.) Specified lubri- 
cating procedures (methods) are outlined in 
section I. 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section f, 


b. Remove cover (14), 


c. Remove filters (15, 16) using a 3/8-24 
threaded T-handle. 


d, Remove retainers (17, 20) and packings 
(18, 19, 21, 22) from filters. 


e. Lubricate (Method A) closure fasteners 
with lubricant grease RB0140-012 (Rocketdyne) 
pefore installing closure on engine control valve. 


3-202. INSTALLING ENGINE CONTROL VALVE 
FILTERS. (See figure 3-55.) Specified lubri- 
caling procedures (methods) are outlined in 
section I. 


a. Observe safety, and contamination and 
damage prevention requirements oullined in 
saction [, 


b. Lubricate packings (18, 19, 21, 22) with 
hydraulic fluid (MIL-H-6606) and install pack- 
ings on filters (15, 16). 


c. Install fliters (15, 16) by hand or witha 
3/8-24 threaded T-handle, 


ad, Jnstall cover and torque bolts to 320-390 
Safetywire bolts. 


e, Refer lo section [V for post-matatenance 
test requirements, 
3-202A. ENGINE CONTROL VALVE COVER 
PLATE_AND RETURN PLUG, 


3-2025. When hydraulic leakage ig evident at 
the cover plate retalning the slave pilot valve 
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and return plug in either the start solenoid end 
or stop Solenoid end of the engine control valve, 
the cover plate may be removed and reinstalled 
with the engine control valve installed on the 
engine. Disassembly is limited to removing the 
cover plate and return plug to make inspections, 
measure specified diameters, and replace pack- 
ing and retainers, and return plug if required. 
The slave pilot valve must not be disturbed more 
than the internal spring force will move the 
valve (O-ring must not leave cavity). Extreme 
care must be taken to prevent contaminants 
from entering the engine control vaive during 
maintenance. AlJl equipment used for measuring 
must be clean, 


3-202C, REMOVING ENGINE CONTROL VALVE 
COVER PLATE AND RETURN PLUG. (See 
figure 3-55A. ) 


WARNING 


The following procedure specifies 
trichloroethytene, which is a toxic 
solvent. Inhalation of its vapors or 
prolonged contact with the liquid can 
cause injury or death, 


e The following procedure specifies 
cleaning compound (MIL-C-81302), 
which 3s volatile. Use ina well- 
ventilated area since the vapors 
displace the oxygen in the air re- 
sulting in suffocation. 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section 1. 


b. Disconnect electrical power and vent hy- 
draulic pressure from the engine. 


c. Clean covec plate and adjacent area by 
haudwiping with «a clean, lint-free cloth mois- 


‘ tened with trichloroeihylene (MIL-T~-27602) or 


cleaning compound (MIL.-C-81302). 
NOTE 


Steps d through g rein. ve and in- 
spect parts from the star‘ solenoid 
end of the engine control yalye. 


d. Uniformly loosen screws (1) and washers 
(2) that secure cover plate (3) on engine control 
valve, and remove cover plate. if jt ls evident ‘ 
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during removal that the slave pilot valve and/or 
return plug (4) are being pushed from their 
bores, more than normal spring action of the 
slave pilot valve (1/4-inch maximum), loosen 
the cover plate only enough so that a visual 
inspection can be made of the slave pilot valve 
and return plug bores to define leakage source. 


e. After determining leakage source, drain 
engine hydraulic system. If leakage is from 
the slave pilot valve bore, replace engine con- 
trol valve. Refer to paragraph 3-492 for engine 
control valve removal and installation proce- 
dures. Jf leakage is from the retuxn plug bore, 
remove return plug (4), packing (5), and re- 
tainers (6). A 4-40 screw may be used to re- 
move return plug, if required. 


f. Using a ball gage, or equivalent, measure 
return plug bore diameter, The diameter must 
he 0, 249 (+0. 002, -0. 000) inch. 


g. Visually inspect return plug joore for 
imperfections that could cause leakage. Im- 
perfections in return plug bore will require re- 
placement of engine control valve. Donot rework 
return plug bore, since contamination can be 
introduced downstream of filters. Refer to 
paragraph 3-192 for engine control valve re- 
moval and installation procedures. 


NOTE 


Steps h through k remove and in- 
spect parts from the stop solenoid 
end of the engine control valve. 


h. Uniformly loosen screws (1) and washers 
(2) that secure cover plate (3) on engine control 
valve, and remove cover plate. If it is evident 
during removal that the slave pilot valve and/or 
return plug (7) are being pushed from their 
bores, more than normal spring action of the 
slave pilot valve (1/4-inch maxiznum), loosen 
the cover plate only enough so that a visual 
inspeetion can be made of the slave pilot valve 
and return plug bores to define leakage source. 


i. After determiniag leakage source, drain 
engine hydraulic system. If leakage is from the 
slave pilot yalve bore, replace engine control 
valve, Refer ta paragraph 3-192 for engine 
control valve removal and installalion proce- 
dures. If leakage is from the return plug bore, 
remove return plug (7) and packing (8). An 8-32 
serew may be used to remove return pig, if 
required, 


SLAYE PILOT VALVE 
(O-RING MUST NOT 
LEAVE CAVITY) 


2 
1 
STOR 
SOLENOUW 
START 
SOLENOID 
6 
+ 
4 
rm 
| 
3) 
0 
x | 
SLAVE THLOT VAEVE: v4 
{O-HING MUST NUT 1 
LFPAVE CAVITY} 
F1-9-1- 146 
1 Screw 5 Packing 
2 Waslier f Retainer 
3 Cover plate 7 Return plug 
8 Packing 


4 Return plug 
ane Figure 9- 55A. Engine Control Valve = 
Cover Plate and Return Plug 
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j. Using a ball gage, or equivalent, measure 
plug bore diameter. The diameter must be 
0. 375 (40.002, -0. 000) inch. 


k. Visually inspect return plug bore for im- 


perfections that could cause leakage. Imperfec- 


tions in return bore will require replacement of 
engine control valve. Do not rework return plug 
bove, since contamination can be introduced 
downstream of filters. Refer to paragraph 
3-192 for engine control valve removal and 
installation procedures. 


3-202D, INSTALLING ENGINE CONTROL 
VALVE COVER PLATE AND RETURN PLUG. 
(See figuie 3-55A.) The lubricant used in this 
procedure is hydraulic fluid (MIL-H- 5606). 
Specified lubricating procedures (methods) are 
outlined in section I. Lubricate packings by 
method specified, and lubricate other parts by 
thoroughly wetting and allowing excess fluic' to 
drain off. All equipment used for measurine, 
and parts that are installed, must be clean. 


a. Observe safety, and contamination and 
damage prevention requirements outlined ir 
section I, 


NOTH 


Steps b through d inspeer and tn- 
siall parts on start solenoid end x. 
engine control valve. 


b. Measure the following dimensions on 
return plug (4): 


(1) Return plug diameter at oacking groove 
0. 136 (40.000, -0. 002) Inch. 


(2) Packing groave depth 0. 0535 to 0, 0550 
inch. 


@. Lubricate (Method M) new packing (5} 
and install new retainers (6) and packing (5) 
on return plug (4). Install return plug inte 
engine control valve. 


d. Install cover piate (3) using washers (2) 
and screws (1). Torque screws to 20-25 i - lb, 
Safctywire screws. 
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NOTE 


Steps e through g inspect and Install 
parts on stap solenaid end of engine 
control valve. 


e. Measure the following dimensions on 
return plug (7): 


(1) Return plug diameter at packing groove 
0.271 (+0.000, -0.002) inch. 


(2) Packing groove depth 0.0505 to 0, 0520 
inch. 


{. Lubricate (Method M) new packing (8) and 
install on return plug (7). Install return plug 
into engine control valve. 


g. Install cover plate (3} using washers (2) 
and serews (1). ‘Torque screws to 2U-25 iu- Ib. 
Safetywire screws. 


h. Leak-test engine control valve-to-cover 
plate joint. (Refer to section IV for post- 
maintenance test requirements for cngine con- 
trol valve. ) 


$-204E. ENGINE CONTROL VALVE OVER. 


were ee 


3-202F. When hydraulic leakage is evident at 
the override port end of the engine control valve, 
the engine control valve may be disassembled 
while installed on the engine to replace packings 
and retainers indicated in figure 3-55B, 


3-202G, REMOVING ENGINE CONTRGL VALVE 
OVERRIDE STGP AND GUIDE, (See figere 
3-55B.) Specified lubricating procedures 
(methods) are outlined in section [, 


a. Observe safety, ant contamination and 
damage prevention requirements outlined in ; 
section I. 


b, Disconnect electrical power and vent hy- | 
dreaulic pressure from engine, | 
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WARNING 


The following procedure specifies 
trichlorcethylene, which 1s a toxic 
solvent. Inhalation of its vapors 
or prolonged contact with the liquid 
can cause injury or death. 


e Ths following procedure specifies 
cleaning compound (MIL-C-81302), 
which is volatile. Use in a well- 
ventilated area since the vapors 
displace the oxygen fn the air 
resulting in suffocation. 


c. Clean stop, guide, and adjacent area by 
handwiping with a clean, lint-free cloth moist- 
ened with trichlorosthylene (MIL-7-27602) or 
cleaning compound (MIL-C-81302). 


d, Disconnect hose (1). 
e. Remove reducer (2) and gasket (3). 


f, Obtain 2 pieces of 5/16-24 threaded 
stainless-steel stock, naving a minimum length 
of 5 inches, and two 5/16-24 nuts, 


g. Remove 2 screws (4) and washers (4), 
located 180 degrees apart. Lubricate (Meihod 
| A) (threaded stock and install pieces of threaded 
stock in place of screws, Tiugertighten 
threaded stock a minimurn of 5 turns or untill 
threaded stock bottoms, 


h. Install a 5/16-24 nut on each piece of 
threaded stock and lighten nuts to contact atop 


(6). 


i. Lf leakage occurred between guide (13) 
and engine contro) valve, use pressure-sensitive 
tape (Federal Specification PPP-T-60), or 
equivalent, and securely tape stop (6) to guide 
(13) to permit removal of stop (6), internal 
parts (7 through 12), and guide (13) as an 
assembly. 


j. Remove 2 remaining screws (4) and 
washers (5). 
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NOTE 


If tape is eecuring stop (8) to guide 
(13), backing off the nuts in the 
following step wiJl cause the tape 
to be loaded to approximately 15 
pounds from the compression pre- 
load of spring {12}. 


k. Evenly back off nuts on threaded stock 
until apring compression pre-load against guide 
(13) is relaxed; inen remove nuts. 


1, If stop (6) and guide (13) are taped to- 
gether, carefully remove the taped parts as an 
assembly, 


m. If stop (6) and guide (13) are not taped 
together, carefully remove parts (6 through 13) 
in sequence. 


n. Do not remove spring that contacts guide 
(13) from engine control valve, 


3-202H. INSTALLING ENGINE CONTROL 
VALVE GVERRIDE STOP AND CUIDE. (See 
figure 3-55B.} Specified lubricating procedures 
(methods) ate outlined in section I. 


a. Observe safety, and contarninalion and 
damage prevention requirements outlined in 
section I. 


b, Lubricate (Method M) packing (7) with 
hydraulic fluid (MIL~H-5806), and install 
nacking and retainers (8) on guide (13). 


ce, Carefully install guide (13) on threaded 
stock in engine control valve. 


d, If stop (6) and guide (13) are taped to- 
gether, proceed to step h. 


e. Lubricate (Method N) packing (J0) with 
hydraulic fluid (MIL-H-5606) and install packing 
and retainers (11) on piston (9). 


f. Lubricate (Method M) packing (7) with 
hydraulic fluid (MEL~H-5606) and install packing 
and retainers (8) on stop (6), 
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g. Install spring (12), piston (9), and stop 
(6) on threaded stock in engine control valve, 
seating spring and piston in guide (13), 


h, Install 6/16-24 nuts on threaded stock in 
engine control valve and evenly tighten nuts 
until internal springs are compressed and 
guide (13) seats into engine control valve. 


{. If stop (6) and guide (13) are taped to- 
gether, remove tape. 


j. Lubricate (Method A) 2 screws (4) with 
lubricant grease RB0140-012 (Rocketdyne) and 
install screws and 2 washers (5) fingertight. 


k, ‘oosen nuts on threaded stock and re- 
move both pleces of threaded stock, 


1, Lubricate (Method A) remaining screws 
(4) with Inbricant grease hBO140- 012 
(Rocketdyne) and install screws and washers 
(5) fingertizt:. 


m. Crogs-torque screws (4) te 100-140 
in-lb, Safetywire screws, 


n, Lubricate (Method J) gashet (3) and 
(Mothod A) threads of reducer (2) (large end 
only} with lubricant grease RBO140-012 
(Rocketdyne), 


oO. Install gasket (3) and reducer (2), Torque 
reducer to 180-230 in-lb, 


p. Connect hose (1) to reducer (2), Do not 
lubricate threads. Torque hose coupling nut, 
and record torque value during last 1/2 turn 
prior to seating of hose flare. Recorded torque 
must be 35-200 in-Jb, Continue to torque 
coupling nut to 270-345 in-lb above recorded 
torque. 


q. Leak-test engine control valve override 
joints. (Refer to section IV for poat- 
maintenance test requirements, ) 
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1 Hoge 8 Retainer 
2 Reducer 9 Piston 

3 Gagketla) 10 Packing 
4 Screw 11 Retainer 
5 Washer 12 Spring 

6 Stop 13 Guide 

vi _ Packing 


{a) Allowable alternate packing (age 


controlled). 


C eenene aetna a aed 


Figure 3-55B. Engine Control Valve 
Override Stop and Guide 
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38-2023, FOUR-WAY SOLENOID VALVE, 

3- 203K, The four-way solenoid valve may be 
replaced with the engine contro) valve Installed 
on the engine. 


3-202L, REMOVING FOUR-WAY SOLENOID 
VALVE, (See figure 3-55C,) Lubricate 
(Method A) all closure fasteners used on valve 
inserts with lubricant grease RB0140-012 
(Rocketdyne). Specified lubricaling procedures 
(methods) are outlined in section T, 


WARNING 


The following precedure specifies 
trichloroethylene, which is a toxic 
sotvent. Inhalation of its vapors 
or prolonged contact with the liquid 
can cause serious injury or death, 


@ The following procedure specifies 
cleaning compound (MIL~C-81302), 
which is volatile, Use in a well- 
ventilated area since the vapors 
displace the oxygen in the alr 
resulting in suffocation. 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I, 


b. Disconnect electrical power and vent 
hydraulic pressure fromm the engine, 


ec. Clean engine control valve and adjacent 
area by hardwiping with a clean, lint-free clota 
moistened with trichlorvetlylene (M!L-T -27602) 
or cleaning compound (MIL-C-81302%), 


d. Provide a suitavle container to catch 
residual fluid ask equipment is disconnected. 


e. Disconnect plugs (1, 2) as outlined in 
paragraph 3-14, 


1. Disconnect hose (3) and remove reducer 
(4) and gasket (5). 


g. Remove nuts (6), washers (7), and bolts 
(8) securing line (13) to actuator return line; 
then remove seal (¢). 


Section II 
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h. Remove bolts (10) and washers (11) 
securing line (13) to engine control valve; 
then remove line (13) and seal (12), 


i. Enclose engine contro! valve in clean 
plastic sheet and strip (Federal Specification 
L-P-378, Type IJ), or equivalent, The enclo- 
sure must prevent entry of foreign objects or 
contamination fren overhead atructures, wind, 
or adjacent cngine aroas, 


j. Remove bolts (14, 15) and washers (16) 
securing valve (17) to manifold, 


k, Carefully remove valve (17) and seai (18) 
from manifold. 


1, If four-way solenoid valve is removed tor 
replacement with a spare valve, replace soft 
goods on removed valve before placing valve in 
spares inventory, 


3- 292M, INSTALLING FOUR-WAY SOLENOID 
VALVE, (See figure 3-55C,) The lub~icant 
used in this procedure is lubricant grease 
RBO140-012 (Rocketdyne), Specified lubricating 
procedures are outlined in section I. 


a. If installing a replacement four-way 
solenold valve, verify (hat Jour-way solenoid 
valve preinstallation tests outlined in section I 
have been performed, 


b. Position seal (18) and valve {17} on mani- 
fold; then secure valve to manifold with bolts 
(14, 15) and washers (16), Torque bolts to 
320-390 in-lb, Safetywire bolts, 


c. Inatail line (13) between valve (17) and 
actuator return line as follows: 


(1) Loosely secure line (13) and seal (12) 
to valve (17) with bolts (10) and washers (11), 


(2) Loosely secure Jine (13) and seal (9) to 
actuator return line with bolts (8), washers (7), 
and nuts (6), 


(3) Cross-torque bolts (10) to 100 45 in-Ib, 
Safetywire bolts, Cross-torque nuts (6) to 
85 45 in-lb, 
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# d. Lubricate (Method J) gasket (5) and (Method 1 Plug 10 Bolt 
A) large end of reducer (4); then install reducer 9 Bive 11 Washer 

A and gasket. Torque reducer to 180-230 in-lb, 3 ie 12 Seal 

e, Connect hove (3) to reducer (4). 30 not 2 re 2) a iy { 

lubricate reducer threads, Torque hose coupling 6 cae a 15 Bolt 
nut, and record torque value during last 1/2-turn " wah r 16 Washer 
before flare seats. Recorded torque must be 8 Bolt : 17 Val 
35-200 in-lb, Continue to torque coupling nut % Seal 18 bias F 


to 270-345 in-lb above recorded torque. 


ete EOP 


fs Canhoot piezo ths: 2)4e oulbiedan gaene (a) Allowable alternate packing (age controlled) J 


«15 
graph 3-15, Figure 3-55C. Four-Way Solenoid Valve 


— 


fg. Refer to section IV for post-maintenance 
test requirements, 


MASTFOLD += 
at 


ACTL ATOR 
RETURN LINE 7 
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3-203. REDUNDANT SHUTDOWN VALVE, 


3- 204 . 
VALVE, 


REMOVING REDUNDANT SUUTDOWN 
(See figure 3-56.) 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I. 


b, Disconnect plug (1) as outlined in para- 
graph 3-14, 


c. Remove tube (2}. 


d. If valve will he replaced, remove elbow 
(3), nut (4), ring (5), and gasket (6), 


e, On engines incorporating MD142 change, 
remove tube (7) and seals (8). 


f. Disconnect hose (9), and remove seal (J0). 
gz. Disconnect hose (11), and remove seal (12). 
h. Remoye valve (13) from support, 


i. !{ valve support requires removal, re- 
move bolts that attach the 2 halves of support 
together, then remove bolts from tooling rings. 


3-205, INSTALLING REDUNDANT SHU TDOWN 
VALVE. (See figure 3-56.) The lubricant used 
in (his procedure is lubricant grease RBO140-012 
(Rocketdyne). Specified lubricating procedures 
(methods) are outlined in section I, 


a. Observe safety, and contamination and 
damare prevention requirements outlined in 
section [, 


aA. If valve support was removed, install 
halves of support to tooling rings of thrust 
chamber. Torque nuts to 275 325 in-Ib, 
Torque bolts that attach support halves to- 
gether in 45 15 in-Ih, 


b. Inetall valve (13). Cross-torque bolts to 


c. Install seal (12) and hose (11). Crosa- 
torque bolts to 90 +5 in-lh. Safetywire bolts. 


d. Install seal (10) and hose (9). Crogs- 
torque bolts to 90 a5 in-th, Safetywire bolts, 
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e. Lubricate (Method G) tube (7). Lubricate 
(Method A) unions for attaching tube (7), Install 
seals (8) and tube (7). ‘Torque tube coupling 
nuts to 160 110 in-lb, Safetywire coupling nuts. 


f. Tf parts indexed (3 through 6) were re- 
moved, lubricate (Method J) gasket (6) and 
lubricate (Method A) elbow (3). Install elbow 
(3), nut (4), ring (5), and gasket (6). Position 
elbows for tube (2), and torque nut (4) to 75-100 
in~lb. Safetywire nut, 


g. Lubricate (Method G) tube (2) a”d install 
tube. Torque tube coupling nuts to 160 125 in-Ib. 
Safetywire coupling nuts. 


REDUNDANT 
SHUTDOWN VALVE 


Ring 
6 Gasket 13 


Valve 
% Tube 


Figure 3-56. Redundant Shutdown Valve 
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h. Connect plug (1) as outlined in paragraph 
3-15, 

i. Refer to section IV for pout-maintenance 
teat requirements, 
3-206. THRUST OK PRESSURE SWITCHES. 
3-207. REMOVING THRUST OK PRESSURE 
SWITCHES, (See figure 3-57.) 


a. Observe safety, and contamination and 
damage prevention requirements outlined In 
section [. 

b. Disconnect plug (1) from applicable pres- 
sure switch, as outlined in paragraph 3-14, 


c. Remove switch (2) and orifice plate (3). 


3-208. INSTALLING THRUST OK PRESSURE 
SWITCHES, (See figure 3-57. } 


a. If installing a replacement pressure 
switch, vorify that pressure switch preluslalla- 
tion testa outlined in section I have been 
performed, 


F1-9-1-38 


a ce = FERN lA es 


1 Plug 2 Switch 3 Orifice plate 


Figure 3-57. Thrust OK Pressure Switches 
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aA. Obscurve safety, and contamination and 
damage prevention requirements ontlined in 
section I, 


b. Install orifice plate (3) and switch (2). 
Torque smaller bolts to 90 410 in-lb, Torque 
larger bolts to 125 +10 In-lh, Safetywire bolts. 


¢. Connect plug (1) to applicable pressure 
switch, as outlined in paragraph 3-15. 

dad. Refer to section 1V for pust-maintenance 
test requirements, 
3-209. INERT PREFILL CHECK VALVE, 


3-210. REMOVING INERT PREFILIL CHECK 
VALVE, (See figure 3-68.) 

a. Observe safety, and contamination and 
damage preventton requirements outlined in 
section I, 


' b. Remove plate (1), seal (2), and valve (3). 


ec. Remove retainers (4) and packing (5) 
. from valve. 


INERT 
PREFILL 
UKRECK VALVE 


a 
THRUST CHAMBER 


FUEL MANIFOLD — 
(REF) 


Fi-3-1-75 


Se ET = MES StS A AS 


1 Plate 4 Retainer 
2 Seal 5 Packing 
3 Valve 


Figure 3-58. Inert Prefill Check Valve 
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3-211. INSTALLING INGR'’ PREFIS., CHECK 
VALVE, 
procedures (methods) arg outHned tn section I. 


a. Observe safety, and contamination and 
damage prevention requiremonts outlined in 
section I, 


b. Lubricate (Method J) retainers (4) and 
packing (5) with lubricant grease 1xB0140-012 
(Rockeidyne). Install parts on valve (3), 


c. Install valve (3), seal (2), and plate (1). 
d. Cross-torque nuts to 100 +10 in-lb. 


e. Refer to section IV for post-maintenance 
teat requirements, 


ere raninaae Ne 


3-213, REMOVING CHECKOUT VALVE. 
figure 3-59,) 


a. Observe safety, and contamination and 
damage prevention requirements outlHned tn 
section I, 


b. Disconnect plug (1) as outlined in para- 
graph 3-14, 


(See 


Figure 3-58, Checkout Valve 
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ec. Disconnect tube (3). If valve will be 
replaced, rernove elbow (3), nut (4), ring (5), 
and gasket (4), 


d. Disconnect hose (%), and remove saul (8). 
e. Disconnect line (9), and remove seal (10), 
{. Disconnect hose (11), and remove seal (12). 


g. Separate vaive (13) from support, and 
remove valve, 


h. If valve support requires removal, remove 
holts from tooling rings and remove support, 


3-214, INSTALLING CHECKOUT VALVE, (See 
figure 3-59.) Specifled lubricating procadures 
(methods) are outlined in section I. 
out valve ls replaced, the replacement valve 
must have been functionally tested within the 
previous 6-month period. 


a. If Installing a replacement checkout valve, 
verify that checkout valve preinstallation tests 
outlined in section I have been performed, 

aA, Observe safety, and contamination and 
damage preventlon requirements outlined in 
section I, 


FI-3.1-28 


4 Nut Y Hose 10 Seal 

5 Ring 8 Seai 11 Hoge 

6 Gasket 9 Idne 12 Seal 
SORE, era ee a. 23 Valve _ 


Ii the check- 
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aA, If vaive support requires installing, 
aline support between thrust chamber tooling 
rings at holes numbered 45 and 47, Torque 
nuts to 220 +20 in-lb, 


od. Install valve (13), and secure to support, 
Torque nuts to 60 +2 in-lb, 


c. Install seal (12), and connect hese (11), 
Cross-torque bolts to 185 45 in-lb. Safetywire 
bolts, 


d, Install seal (10), and connect line (9), 
Cross-torque bolts to 185 45 in-lb, Safetywire 
bolts. 


e, Install seal (8), and connect hose (7), 
Cross-torque bolts to 7545 in-lb. Safetywire 
bolts, 


f, If parts indexed (3 through 68) were re- 
moved, lubricate (Method 3) gasket (6) and 
(Method A) elbow (3) with lubricant grease 
RB0340-012 (Rocketdyne). Install gasket (6), 
ring (5), nut (4), and elbow (3). Aline elbow 
with tube (2), and torque nut (4) to 150-200 
in-lb. Safetywire nut, 


. @. Latbricate (Mcthod G) tube (2) using 
lubricant grease RBO140-012 (Rocketrlyne). 
Install tube and torque coupling nut to 270-345 
{n-lb, 


h. Connect plug (1) as outlined in paragraph 
3-15, 


i, Refer to section IV for post-maintenance 
test requirements. 


3-215, CHECKOUT VALVE ACTUATOR. 
3-216. REMOVING CHECKOUT VALVE 
ACTUATCR. 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I. 


bv. See figure 3-59 for location of actuator, 
and disconnect plug as outlined in paragraph 
3-14, 


CAUTION 
Electrical power simultaneously 


applied to pins A and B will damage 
equipment. 
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c. Make sure valve is in ground position. 
Apply 28 vde as follows to obtain desired 
position: 


(1) Ground position; pin B (+), pin B (-) 
(2) Run position: pin A (+), pin E (-) 


d, Remove power, then remove Screws 
attaching actuator to valve cover; then remove 
actuator and remove packing from groove in 
actuator base. 


3-217. INSTALLING CHECKOUT VALVE 
ACTUATOR. Specified lubricating procedures 
(methody) are outlined in Section I. 


a, Observe sétety, and contamination and 
damage prevention :equirements outlined in 
section I, 


aA. Connect a drain hose between quick- 
diseonnect on checkout valve return hose and 
facility drain. 


CAUTION 


To prevent fluid flow into the engine 
propellant fuel system, hydraulic 
fluid must not be supplied to the 
engine hydreuli¢ ground supply inter- 
face when checking ball breakaway, 
running, and seating torques. 


aB. Using ball position indicator T-7037831 
and a suitable torque wrench, check that hall 
breakaway, running, and Seating torques do not 
exceed 100 in-lb. Leave valve in ground position. 


CAUTION 


Electrical power simultaneously 
applied to pins A and } will damage 
equipment. 


b. Make sure actuator is in ground position. 
If required, apply 28 vdc, as foliows, lo obtain 
desired position, 


(1) Ground position: pin B (+), pin E (-) 
(2) Run position: pin A (+), pin E (-) 


bA. Lubricate (Method J) packing with 
lubricant grease RBO140-012 (Rocketdyne), and 
install packing in groove of actuator. 


bB. Install actuator on valve cover and 
torque screws to 13-15 in-lb. Safetywire screws. 


c. Connect plug as outlined in paragraph 
3-15. 


d. Refer to section lV for post- maintenance 
test requirements. 
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3-218, GAS GENERATOR FUEL DUCT. 


3-219, REMOVING GAS GENERATOR FUEL 
BUCT, (See figure 3-60.) Specified lubricating 
procedures (methods) are outlined tn section I, 


a. Observe safety, 2nd contamination and 
damage prevention requirements outlined in 
section I, 


b, Support duct to prevent excessive deflec- 
tion of flexible joints. Deflection must not ex- 
cead 6 degrees for complete duct. 


¢, Disconnect duct (1) at No, 2 fuel high- 
pressure duct, and remove and retain orifice 
plate (2). 


d, Disconnect duct at gas generator ball 
valve, and remove seal (3) and deflector (4), 


e, Lubricate (Method A) gas generator ball 
valve fuel inlet closure fasteners with lubricant 
grease RBO140--012 (Rocketdyne). 


3-220. INSTALLING GAS GENERATOR FUEL 
DUCT. (See figure 3-60.) 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I, 


b. Position duct (1) for installation. Support 
duct to prevent excessive deflection of flexible 
joints. Deflection must not exceed 6 degrees 
for complete duct. 


c. Install deflector (4) in end of duct. Install 
seal (3), and connect duct to ball valve. Cross- 
torque bolts to 550410 in-lb. Safetywire bolts. 


d. Install ortfice plate (2), Crosa-torque 
bolts to 280410 in-lb. Safetywire bolts, and 
install an aluminum sea! on lockwire, 


dA. Apply a thin, even coat of corrosion 
preventative RB0210-016 (Rocketdyne) to gimbal 
yokes, Do not apply cor: osion preventative to 
bellows. 


NOTE 


Corrosion preventative kB0210-016 
must be thoroughly mixed at 707 to 
95° F immediately prior to each 
application, 
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e. Refer to section IV for post-maintenance 
test requirements. 


GAS GENERATOR 
PUEL DUCT 


FU-3-1-42 


a ee 


1 Duct 
2 Orifice plate 


3 Seal 
4 Deflector 


Figure 3-60. Gas Generatow Fuel Duct 


3-221, GAS GENERATOR OXIDIZER DUCT 
(DUCT END). 


3-222, REMOVING GAS GENERATOR OXI- 
DIZER DUCT (DUCT END). (See figure 3-61.) 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I, 
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bh, If duct will be replaced, remove thermal 
insulation insulators 145969-11 and 145370-11, 
(Refer to R+« 3896-6, ) 


c. Support duct to prevent excessive deflec- 
tion of flexible joints. Deflection must not ex- 
ceed 6 degrees for complete duct. 


d. Disconnect duct (1) at oxidizer high- 
pressure duct, and remove seal (2), orifice 
plate (3), and seal (4), Retain ortfice plate. 


e, Disconnect duct, and remove seals (5, 6), 
orifice plate (7), and seal (8). Retain orifice 
plate. 


f, Remove scoop (9). 


GAS GENERATOR 5 
OXIDIZER DUCT SN 
(MUCT END) 


F1-3-1-40 


1 Duct 6 Seal 

2 Seal 7? Orifice plate 
3 Orifice plate 8 Seal 

4 Seal §& Scoop 

5 Seal 


Figure 3-61, Gas Generator Oxidizer Duct 
(Duct End) 
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3-223. INSTALLING GAS GENERATOR OXI- 
DIZER DUCT (DUCT END), (See figure 3-61. ) 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I, 


b. Install scoop (9). 


c. Install seals (5, 6), orifice plate (7), and 
seal (8), Secure flange, but do not torque 
fasteners, 


d. Install seals (2, 4) and orifice plate (3). 
Cross-torque bolts to 350 410 in-lb, 


e, Crogs-torque fasteners for remaining 
joint to 125 +5 in-lb, 


f. Safetywire bolts at both flanges, and in- 
stall aluminum seals on lockwire, 


g-. If thermal insulation insulators were 
removed, reinstall as outlined in R-3896-6, 


h. Refer to section IV for post-maintenance 
tesi requirements. 


GAS GENERATOR 
OXAIDIZER DUCT 
(VALVE END) 


F1-d-1-41 


1 Duct 4 Orifice plate 
2 Seal § Seal 
3 Seal 6 Seal 


Gas Generator Oxidizer Duct 
(Valve End) 


Figure 3-62, 
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3-224, GAS GENERATOR OXIDIZER DUCT. 
(VALVE END). 


3-225, REMOVING GAS GENERATOR OXI- 


DIZER DUCT (VALVE END). (See figure 3-62.) 
Specified lubricating procedures (methods; are 


outlined in sectlon FE, 


a. Observe sufety, and contamination and 
damage preventiou requirements outlined In 
section I, 


b, I! duct will be replaced, remove thermal 


insulation insulators 145371 and 146372, 
(Refer to R-3896-6, ) 


4 
c, Support duct to prevent excessive deflec- \_., 
tion of flexible Joints, Deflection must not ex- 


ceed 6 degrees of complate duct. 


d, Disconnect duct (1) at valve, and remove 


Beal (2). 


a, Disconnect duct, and remove seal (*), 
orifice plate (4), and seals (5, 6). Retain 
orifice plate, 


{. Lubricate (Method A) gag generator ball 
valve oxidizer inlet closure fasteners with 
lubricant grease RBO140-012 (Rocketdyne). 


3-226, INSTALLING GAS GENERATOR OXI- 


DIZER DUCT (VALVE END), (See figure 3-62.) 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I, 


b, Install seals (3, 6), seal (5), orifice 
plate (4), and duct (1). Secure joint, but do 
not torque fasteners. 


c. Install seal (2). Cross-torque bolts to 
350 15 in-ib, Safetywire bolts, 


d, Cross-torque nuts RD114-8003-2005 at 
orificed joint to 125 +5 in-lb, 


NOTE 


Nuts RD114-8003-2005 must not be 
reused, 


@. Safatywire bolts at orificed joint, and 
seal lockwire. 


{, If thermal insulation Insulators Hsted in 
paragraph 3-225 were removed, install as 
outlined in R-3896-6, 

g. Refer to section IV for post-maintenance 
test requirements, 

3-227, GAS GENERATOR BALL VALVE. 


3-228. Special tools required consist of torque 
adapters ‘T-5041242 and T-5029642, 


\ 


3-229. HEMOVING GAS GENERATOR BALL 


VALVE. (See figure 3-63.) Specified lubricating 
proceedures (methods) are outlued In section I, 


a. Observe safety, and contamination and 
damage prevention requirementa outlined in 
section I, 


b, Disconnect plug (1) as outHned In para- 
graph 3-14, 


c. Remove duct (2) and seal (3) as outlined 
in paragraph 3-224, 


d, Disconnect duct (4), and remove deflector 
(5) and seal (6), 


valve fuel inlet closure fasteners with lubricant 
grease RR0140-012 (Rocketdyne). 


dA. Lubricate (Method A) gas generator ball | 
ea. Remove tubes (7, 8), 


f. Disconnect line (10), remove seal (11), 
and remove tube (12). 


g. Remove valve (52) and seal (53). 
h. (Deleted) 


i. Remove clamps (15 16, 17). 
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Figure 9-68. Gas Generator Ball Valve (Sheet 1 of 2) 
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1 Plug 15 Clamp a7 
2 Duet 16 Clamp 2b 
3 Seal 17 ~~ Clamp 29 
4 Puct 18 Tube 30 
§ Deflector i9 =: Seal 31 
6 Seal 20 Tube 32 
7 Tube 31 Srineg. plate 33 
6 Tube 1A Filter() 34 
9 (Deleted) 21B Filter(b) 35 
10s Line 22 8 Tube 36 
11. Seal 23 —s Seal 37 
12 Tube 24 = =Clamp 38 
{3 (Deleted) 25 Block 39 
14 (Deleted) 26—s Plug 40 


(b) Engines incorporating MD173 change 
(ec) Engines not incorporating MD168 change 
(a) Engines incorporating MD168 change 


ny wre crm oe ace Dibner rr ER 


Figure 3-63. Gas Generator Ball Valve (Sheet 2 of 2) 


j- Disconnect tube (18), and remove seal (19). 


k, On engines not incorporating MD173 
change, disconnect tube (20), and remove 
orifice plate (21). 


1, On engines incorporating MD173 change, 
move tube (20) in direction of least resistance 
2 maximum of 3 inches, and remove orifice 
plate (21) and filters (21A, 218). 


m. Remove tube (22) and seal (23). 


n. Remove parts indexed (24 through 26) as 
outlined in paragraph 3-16, 


Oo. Remove transducer (27) and seal (28) as 
outlined in paragraph 3-65, 


p. Disconnect valve (29) from injector. 
Prior to removing valve, line (18) and tube (20) 
may be deflected a max{mum of 3 inches in the 
direction of least resistance for clearance re- 
guired to remove valve. Carefully remove 
valve (29) and seal (30), 


q. 
(32) from housing (33), 


r. 


Transducer 
Seal 

Valve 

Seal 

Retainer 

O.- ring/‘packing 
Housing 

O- ring/packing 
rotating? 
Nipple(¢) 
Gasket ( 
Bushing’) 
Gasket ola) 
Coupling(4 


Section I 


Gavket(@) 
AJaptey(4 ey 
Gasket (4) 
Bolt 
Seal 
Elbow 
Seal 
Bolt 

Seal 
Elbow 
Seal 
Valve 
Seal 
Union 
Gasket 


Remove retainers (31) and O- ring/packing 


Loosen tnner nuts and remove ou. 


- nuts 


that retain housing (33); then remove housing 
and O-ring/packing (34) and retainox (35). 


s. 


+ 
om 


NOTE 


The parts indexed (36 through 51 and 
54 through 57) do not require removal 
if the valve will be reinstalled, Ifthe 
valve will be replaced, remove the 
parts as outlined in step sthrcoughx. 


On engines not incorporating MD168 
change, remove nipple (36), gasket (37), bushing 
(38), and gasket (39). 
MD168 change, remove coupling (40), gasket 
(41), adapter (42), and gasket (43). 


On engines incorporating 


Remove bolt (44), seal (45), elbow (48), 
and seal (47). 


u. Remove bolts (48), seal (43), elbow (50), 
and seal (51), 


ve 


(Deleted) 


w. HKemove union (54) and gasket (55). 
x. If valve will be roplaced, install protective 


closures, 


Lubricate (Method A) threads of clo- 


sure RX-20845-21 and lubricate (Method J) 
packing (used with closure) using lubricant 
grease RBO14C-012 (Rocketdyne). 
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Section lil 
Paragraph 3-230 


3-230. INSTALLING GAS GENERATOR BALL 
VALVE, (See {igure 3-63,) The lubricant used 
in this procedure ts lubricant grease 
RBO}40-012 (Rocketdyne) unless otherwise 
Specified, Specified lubricating procedures 
(methods) are outlined in section I, 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I, 


NOTE 


Steps c through h install parts 
indexed (34 through 61 and 54 and 
55) prior to installing valve (29), 
If the same valve ts reinstalled 
and the parts were not removed, 
proceed with step 1, 


bd. (Deleted) 


c. Lubricate (Method J) gasket (55) and 
lubricate (Method A) union (54), Install seal 
and union, and torque unton to 60-80 in-lb, 


d. Lubricate (Method A) elbow (50) and bolt 
(48), Install bolts, elbow, and seals (49, 51). 
Aline elLow for tube (8). Torque bolt to 
180-276 in-Ib. 


e. lubricate (Method A) elbow (46), and 
bolt (44), Jastall elbow, bolt, and seals (45, 47), 
Aline elbow for tube (7), Torque bolt to 240-26 
in~Ib, 


f. On engines incorporating MD168 change, 
lubricate (Method J) gaskets (41, 43) and lubri- 
cate (Method A) adapter (42) and coupling (40). 
Install gasket (43) and adapter (42), Torque 
adapter to 226410 ine-lb. Install gasket (41) and 
coupling (40). Torque coupling to 220 310 in-lb, 
Safetywire coupling to adapter and adapter to 
valve body, 


CAUTION 


Torguiug the nipple without applying 
countertorque to the bushing will 
damage the bushing atid valve body. 


ge On engines not incorporating MD168 
change, lubricate (Method J) gaskets (37, 39) 
and lubricate (Method A) bushing (38) and niprle 
(36). Install gasket (39) and bushing (38). Torque 
bushing to 57 38 in-Ib, Install gasket (37) ana 
nipple (36), Apply countertorque to bushing and 
torque nipple to 135 +5 in-Ib, Safetywire nipple 
ana bushing, 
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h. Lubricate (Method J ) retainer (35) and 
O-ring/packing (34) with FS1281 grease (Dow 
Corning Corp) and inatal! in housing (33), 


i. Lubricate (Method J ) O-ring/packings 
(32) and retainers (31) with FS$1281 grease 
(Dow Corning Corp) and install in housing (33). 


J. Carefully instatl housing £. injector, and 
install vats on studs, Nuts on studs must re- 
main loose to allow post of valve to aline hous-~- 
ing (33). 


k. Install seal (30), and carefully install 
valve (29). Using adapter T-5029642, cross- 
torque nuts to 150-172 in-lb. 


1. Tighten nuts for housing (33) fingertight 
against housing. Safetywire nuts. Do not de- 
flect housing position when tightening nuts. 


m. Install transducer (27) and seal (28) using 
procedure outlined in paragraph 3-66, 


n. Connect plug (26) and install block (25) 
and clamp (24) as outlined in paragraph 3-17. 


o. Lubricate (Method G) tube (22) with thread 
compound C-5A (Felt Products), Install seal 
(23) and tube (22). Torque tybe coupling nut to 
160 +10 in-ib. Safetywire coupling nut. 


p. On engines not Incorporating MD173 
change, aline gas generator system open tube 


(20) to valve (29) as outlined in paragraph 3-103; 


then install orifice plate (21) and connect tube 
to valve. Cross-torque bolts to 86 45 in-lb, 
Safetywire bolts, and install an aluminum geal 
on lockwire, 


CAUTION 


When performing step q, care must 
be used while installing the orifice 
plate and securing tube (20)to make 
sure that flanges of both filters fit 
into the recesses of the orifice plate. 
If the filters are not properly seated, 
a gap greater than the seal thickness 
will exist. Damage to the tilters ana 
orifice plate, or flange leakage will 
result if the filters are not properly 
positioned while the flange bolts are 
tightened, 


q. On engines incorporating MD173 change, 
aline gas generator system open tube (20) to 
valve (29) as outlined in paragraph 3-103; then 
install filters (21A, 213) and orifice plate (21), 
and connect tube to valve, Cross-torque bolts 
to 86 26 in-2b, Safetywire bolts, and install an 
aluminum seal on lockwire. 


ie 
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r, Allna gag generator systen close tube 
(18) to valve (29) as outlined in paragraph 3-503; 
then install seal (19) and connect tube to valve. 
Cross-torque bolts to 3623 In-lb, Safetywire 
bolts, 


8, Install clamps (15, 16, 17). Torque nut 
to 75 45 in-lb, 


t. (Deleted) 


u. Inslall seal (53) and valve (62), Using 
torque adapter ‘'- 5041242, crosa-torque bolts 
to 45 25in-lb. Safetywire bolts and install an 
aluminum seal on lockwire. 


v. Lubricate (MethodG) tube (12). Install 
tube, ond torque coupling nut to 135-185 in-lb. 


w. Install seal (11) and line (10). Cross- 
torque nuts to 100 15 in-lb. 


x. (Deleted) 


y. lubricate (MethodG ) tube (8). Aline 
tube (8) to elbow (50), Torque holt (48) to 
180-276 in-lb. Install tube, and torque cou- 
pling nut to 135-185 in-tb. 


z. Lubricate (Method G) tube (7). Aline 
tube (7) to elbow (46). Torque bolt (44) to 
240-278 in-lb. Install tube, and torque cou- 
pling nut to 195-185 in-1b. 


aa. Install deflector (5) and seal (6). Con- 
nect duct (4), and cross-torque bolts to 550 410 
in-lb. Safetywire bolia. 


ab. Install seal (3) and duct (2) as outlined 
in paragraph 3-226. 


ac. Connect plug (1) as outlined in paragraph 
3-15. 


ad. Refer to sectlon IV for past- maintenance 
test requirements. 


3-231. GAS GENERATOR, 

3-232. Equipment required consists of adapter 
9024427 and fixture 9024918 from Handling 
Equipment Fixture Set G4068, torque adapter 
T~5041242, and special wrench T- 5023955. 


Section Ul 
Paragraphs 3-231 to 3-233 


3-233, REMOVING GAS GENERATOR, (See 
figure 3-64.) Specified lubricating procedures 
(methods) are outlined in section I. 


a. Observe cafery, and contamination and 
damage preventio. requirements outlined in 
section 1, 


b. Remove thermal insulation frame 145498, 
(Refer to R-3898-6.) 


c. Disconnect plug (1) as outlined in para- 
graph 3~14, 

d. Remove duct (2) and seal (3) as ou.lined 
in paragraph 3-225, 

a. Disconnect duct (4), and remove deflector 
(5) and seal (6), 


eA, Lubricate (Method A) gas generator ball 
valve fuel inlet closure fasteners with lubricant 
vrease RDO140-012 (Rocketdyne), 


f, Remove tubes (7, 8), 
g. Disconnect Mne (10), and remove seal (11). 
h, Remove tube (12), 


i. (Deleted) 


j. Remove clamps (15, 16, 17). 
k. Discunnect tube (18), and remove seal (19).[l 


1. On engines not ‘ncorporaling MD173 
change, disconnect tube (20), and remove 
orifice plate (21), 


m. On engines incorporating MD173 change, 
move tube (20) in direction of least resistance 
au maximum of 3 inches, and remove orifice 
plate (21) and filters (21A, 21B). 


n. Remove tute (22), seals (23), union (24), 
and seal (25). 


o. Disconnect plug (28), and remove parts 
indexed (26, 27, 31) as outlined in paragraph 
3-16. 


p. Remove transducer (29) and seal (30) as 
outlined in paragraph 3-65, 


q. Disconnect hose (32) from elbow. Remove 
bolt (33), seals (34), elbow (35), bushing (36), 
and gasket (37), 
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Figure 3-64. Gas Generator (Sheet 1 of 2) 
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1 Plog 2t orice plate 
2 Duct Q1A Filter} 

3 Seal 21B Filter’ 

4 Duct 22 = «‘Fube 

5 Deflector 23 6 Seal 

6 Seal 24 ~=Union 

7 Tube 25 Seal 

8 Tube 26 Clamp 

9 (Deleted) 27 Clamp 

10. Line 28 = =Plug 

11 Seal 29 Transducer 
12 Tube 30 ©=6Seal 

13 (Deleted) 31. =Block 

14 (Deleted) 32 Hose 

15 Clamp 33s Bolt 

16 Clamp 34 Seal 

17 Clamp 35 Elbow 

18 Tube 36 =©Bushing 
19 Seal 37 Gasket 

20 Tube 


‘(b) E Engines incorporating MD173 change 
(c) Engines incorporating MD150 or MD151 change 
(d) Engines not incorporating MD168 change 
(e) Engines incorporating MD168 change 


38 Hose 63 Seall) 
39s Bult 54 Coupling\©) 
4G Seal 58 Sealle 
41 Elbow 66 Adapter{e) 
42 Bushing 57 Seall€) 
43 Gasket 56 Bolt 

43A TubelC) 59 Seal 

43B Seallc) 60 Elbow 
43C Union'¢) 61 Seal 

43D Sealle 62 Bolt 

44 Shield 63 Sea) 

45 Shield 64 Elbow 
46 Cover 65 Seal 

44 - Cover 66 Valve 

48 Gas generator 87 Seal 

49 Seal 68 Union 

50 Nippie (a) 69 Seal 

51 Seal! 

52 Bushing(d) 


Figure 3-64. Gas Generator (Sheet 2 of 2) 


r. Disconnect hose (38) from elbow. Remove 
- bolt (39), seals (40), elbow (41), bushing (42), 
and gasket (43). 


gs. On engines incorporating MD150 or 
MD151 change, remove tube (43A), seal (438), 
union (43C), and seal (43D). 


t. Remove shields (44, 45). 
u. Remove covers (46, 47). 


ve Remove majority of bolts that attach gas 
generacor (48) to turbine flange. Leave sufti- 
cient bolts to support gas generator. 


w. Install adapter 9024427 on gas generator, 
and attach fixture 9024918 on adapter. (See 
figure 3-65,) Use proper lift points on fixture 
during handling. 


x. Support gas generator, und remove re- 
maining bolts that attach gas generator to 
turbine flange. Remove seal (49, figure 3-64), 
and carefully remove gas generator. 

CAUTION 


The gas generator assembly weighs 
approximately 218 pounds. 


NOTE 


Parts indexed (50 through 69) do not 
require removal if gas generator 
will be reinstalled. If gas generator 
will be replaced, remove parts cs 
outlined in steps y through ad. 


y. On engines not incorporating MD168 
change, remove nipple (50), seal (51), bushing 
(52), and seal (53), 


z. On engines incorporating MD168 change, 
remove coupling (54), seal (55), adapter (56), 
and seal (67). 


aa. Remove bolt (58), seal (59), elbow (60), 
and seal (61). 


ab. Remove bolt (62), seal (63), elbow (64), 
and geal (65). 


ac. Remove valve (66) and seal (67). 


ad. Remove union (68) and cea) (69). 


ae, If valve will be replaced, install protec- 
tive closures, Lubricate (Method A) threads of 
closure RX-20845-21 and lubricate (Method J) 
packing (used with closure) using lubricant 
grease RB0140-012 (Rocketdyne), 
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Paragraph 3-234 


FIXTURE 
9024918 


ADAPTER 
9024427 


Fi-3-1-13 


Figure 3-65. Handling Gas Generatcr 


3-234, INSTALLING GAS GENERATOR. (See 
figure 3-64,) The lubricant used in this proce- 
dure is lubricant prease RBU140-012 
(Rocketdyne) unless otherwise noted. Specified 
lubricating procedures (methods) are outlined 
in section 1. 


a. Observe safeiy, and contamination and 
damage prevent! 1 requirements outlined in 
section ft, 
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NOTE 


Steps b through h install parts indexed 
(50 through 69) prior to installing the 
gas generator. If the came gas gen- 
eratus is reinstalled and parts were 
not removed, proceed to step i. 


b. (Deleted) 


c. Lubricate (Method J) seal (69) and tubri- 
cate (Method A) union (68). Install seal and 
union, and torque union to 60-80 in-Ib. 


d. Install seal (67) and valve (66). Using 
torque adapter T-§041242, cross-torque bolts 
to 46 45 in-lb. Safetywire bolts, and install an 
aluminum seal on lockwire. 


e. Lubricate (Method A) elbow (64) and bolt 
(62), Install seals (63, 65), elbow, and bolt. 
Aline elbow for tube (8), and torque bolt to 
180-276 in-lb, 


{. Lubricate (Method A) elbow (60) and bolt 
(58). Install seals (59, 61), elbow, and bolt. 
Aline elbow for tube (7). Torque bolt to 
240-276 in- lb. 


g. On engines incorporating MD168 change, 
lubricate (Method J) seals (55, 57), and lubricate 
(Method A) adapter (56) and coupling (54), In- 
stall seal (57) and adapter. Torque adapter to 
220 210 in-lb. Install seal (55) and coupling (54). 
Torque coupling to 220 210 in-lb, Safetywire 
coupling to adapter and adapter to valve body, 


CAUTION 


Torquing the nipple (50) without ap- 
plying countertorque to the bushing 
will damage the bushing and body, 


h. On engines not incorporating MD166 
change, lubricate (Method J) seals (51, 53) and 
lubricate (Method A)bushing (52) and nipple (50). 
Install seal (53) and bush'ng. Torque bushing 
to 57 48 in-tb, Install seal (51) and nipple (50). 
Apply countertorque to bushing and torque nipple 
to 135 45 in-Jb. Safetywire nipple and bushing. 


i. Install adapter 9024427 on gas generator 
(48), and attach fixture 9024918 on adapter. 
(See figure 3-65.) Use proper lift points of 
fixture during handling. 

CAUTION 


The gas generator assembly weighs 
approximately 218 pounds. 


R-3896-3 


Section IH 


Volume I 


j. Position gas generator for installation, 
Install seal (49, figure 3-64), secure joint, and 
remove handling equipment. Using special 
wrench T-§023955, cross-torave bolts to 
930 +10 in-lh. Safetywire bos. 


k. Install covers (46, 4’ ,, and attach gup- 
ports for hoses (32, 38) tu applicable cover 
fasteners. Torque fasteners to 25 +5 in-lb. 


l. Install shields (44, 45), 
to 110 410 in-lb. 


Torque fasteners 


m. On engines incorporating MD150 or 
MD151 change, lubricate (Method A) union (43C) 
with thread compound C-5A (Felt Products). 
Instail union and seal (43D). Torque union to 
56-80 in~lb. 


n, On engines incorporating MD150 or 
MD151 change, lubricate (Method G) tube (43A). 
Insfall tube and sea) (43B). Torque tube cou- 
pling nuts to 160 +10 in-lb. Safetywire coupling 
nut, 


0. Lubricate (Method A) bushing (42) with 
thread compound (-5A (Felt Products), and 
install with gasket (43), Torque bushing to 
100 +8 in-tb, 


p. Lubricyte (Method A) clbow (41) and bolt 
(39) with thr -ad compound C-5A (Felt Products), 
Install elbow, seals (40), and bolt. Position 
elbow for hoge (38), Appty countertorque to 
bushing (42), and torque bolt to 140 +10 in-2h. 
Safetywire ‘holt, 


q. Connect hose (38) to elbow. Record run- 
ning torque during last one-half turn of coupiing 
nut prior to seating of hose tubing flare. Run- 
ning torque must be within 50-300 in-lb. Con- 
tinua to torque coupling nut to 135-185 in-lb 
above recorded running torque. 


r, Uubisicate (Method A) bushing (36) with 
thread corapound C-5A (Felt Products) and 
install with gasket (37). Torque bushing to 
100 48 in-{b. 


8s, Lub.scicate (Method A) elbow(35) and bolt 
(33) with thread compound C-5A (Felt Products), 
Install seals (34), eloow, and bolt. Apply 
countertorque to bushing and torque bolt to 
140 410 in-Ib. Safetywire bolt. 


t, Connect hose (32) to elbow, Torque hose 
coupling nut as outlined in step q, Make sure 
that surfice of coupling nut clears shield (44) 
by 0,030 inch minimum. 


u, Install transducer (29) and seal (30) using 
procedure outlined in paragraph 3-66, 


v. Install plug (28) and parts indexed (26, 
27, 31) as outlined in paragraph 3-17, 


w. Lubricate (Method A) unton (24) with 
thread compound C-5A (Felt Products) and 
install with seal (25), Torque union to 55-80 
in- lb. 


x. Lubricate (Method G) tube (22) with thread 
compound C-5A (Felt Products), Install seal, 
and torque tube coupling nut to 160 +10 In-1b. 
Safetywire coupling nut. 


y. On engines not incorporating MD173 
change, aline gas generator system open ) tube 
(20) to gas generator (48) as outlined in para- 
graph 3-103; then install orifice plate (21) and 
connect tube to gas generator. Cross-torque 
bolts to 85 25 in-lb. Safetywire bolts, and 
install an aluminum seal on lockwire, 


CAUTION 


Whenperforming step 2, care must 
he used while installing orifice plate 
and secur)ng tube (20) to make sure 
that flanges of both filters fit into 

the recesses of the crifice plate. If 
filters are not properly seated, a gap 
greater than the seal thickness will 
exist. Damage to filters and orifice 
plate, or flange leakage will result if 
the filters are not properly positioned 
while the flange bolts are tightened, 


z. On engines incorporating MD173 change, 
aline gas yenerator system open tube (20) to gas 
generator (48) as outlined in paragraph 3-103; 
then install filters (21A, 21B) and orifice plate 
and connect tube (20) to gas generator, Cross- 
torque bolts to 4515 in-lb, Safetywire bolts, 
and install an aluminum seal on lockwire, 


aa, Aline gas generator system close tube 
(18) to gas generator (48) as outlined in para~ 
graph 3-103; then install seal (19) and connect 
tube to gas generator, Cross-torque balis to 
3643 in-lb, Safetywire bolts. 


ab, Install clamps (15, 16, 17). Torque nut 
to 75 45 in-Ib, 
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ac, {Beleted) 


ad. Lubricate (Method G) tube (12). Install 
fube, and torque coupling nut to 136-185 in-ib, 


ae. Install seal (11) and line (10). Cross- 
torque nuts to 100 45 in-th, 


at, (Deleted) 


ag. Lubricate (Method G) tube (8), Attach 
to elbow (64), and torque coupling nut to 
135-185 in-lb. 


ah, Jubricate (Methed G) tube (7), Attach 
tube to elhow (80), and torque coupling nut to 
135-185 in-1b, 


ai, Install deflector (5) and seal (6). Connect 
duct (4), and cross-torque bolts to 550 410 in-lb, 
Safetywire bolts, 


aj. Install seal (3) and duct (2) as outlined 
in paragraph 3-228, 


ak, Connect plug (1) as outlined in paragraph 
3-15, 


al, Reinstall thermal Insulation frame 
115498, (Refer to R-3896-6,) 


am, Refer to section IV for post- maintenance 
teat requirements, 


3-235, GAS GENERATOR BALL VALVE 
POSITION SWITCH, 


3-236. REMOVING GAS GENERATOR BALL 
VALVE POSITION SWITCH, (See figure 3-66.) 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I, 


b. Disconnect gas generator ball valve 
position switch plug P63 (1) using method 
cutlined in paragraph 3-14, 


c. (Deleted) 


d. Remove screws and washers that secure 
cover (4}, Carefully remove cover (4) and 
switch (8) so that shims (5) located between 
finger and foot of awitch (8) san he easily 
removed without dropping them into actuator 
cavity. 
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e, Remove shims (5), 


f, Remove pin (6) from foot of switch (8); 
then remove screws, washers, lug (7), switch 
(8), and packing (9) from cover (4), 


3-237, INSTALLING GAS GENERATOR BALL 
VALVE POSITION SWITCH (82e figure 3-66, ) 


a. Ii installing a replacement position switch, 
verify that position switch preinstallation test 
outlined in section I has been performed, 


aA, Observe safely, and contamination and 
damage prevention requirements outlined in 
section I, 


b. Insert packing (9) in groove of cover (4); 
then install switch (8) in cover and secure with 
screws, washers, and lug (7). Torque screws 
to 6-8 in-Ib. 


NOTE 


Steps c through e determine the cor- 
rect thickness of shims (5) to be in- 
stalled between finger and foot of 
awitch (8), 


Measure distance between base of cover 
(4) and flat surface of foot on switch (8) with 
check fixture T-5037832, Record as dimension 
A. 


d. Measure distance between flat surface of 
ball valve housing and top of surface of finger 
with check fixture T-5037832. Record as di- 
mension B, 


€, Using the following formula and dimen- 
sions obtained in steps c and d, determine cor- 
rect thickness of shim (5) to be installed: 
C-(A-B)=T 
where 
A= dimension from base of cover (4) 
to flat surface of foot of switch (8) 
B = dimension from flat surface of 
ball valve housing to top surface 
of finger 
C= required clearance between foot 


of switch (6) and finger: 
6.020 40.005 inch 


T = thickness of shims to be 
installed 
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BALL VALVE 
HOUSING — 


1 Plug 

2 WMeleted) 

3. = (Deleted) 

4 Housing cover 
5 Shim 


f, Remove necessary laminations from 
shims (5) to obtain dimension T as determined 
in step e. 


g. Press pin (6) into foot of switch (8); then 
temporarily inslall cover (4) on bail valve hous- 
ing to determine that pin (6) is slip-fit into 
finger. Remove cover (4), 


h. Place correct number of shims (5), de- 
termined in step e, on pin (6). Holding shims 
in place, install cover (4) on ball valve housing. 
Secure cover tv housing with screws and 
washers. Torque screws to 6-8 in-lb. 


i. (Deleted) 


}. Connect plug (1) as outlined In paragraph 
15. 


Figure 3-66. Gnas Generator Ball Valve Position Switch 


Section III 
Paragraphs 3-238 to 3-240 


Pin 

Lug 
Switch 
Packing 


ooc-3:S 


k, Refer to section IV for post-maintenance- 
test requrements. 


3-238. GAS GENERATOR OXIDIZER PURGE 
CHECK VALVE. 


3-239. Torque adapter T- 5041242 is required 
during installation. 


3-240, REMOVING GAS GENFRATOR OXIDIZER 
PURGE CHECK VALVE. (See figure 3-64, ) 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section f, 
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Section JI 
Paragraphs 3-241 to 3-244 


b. Disconnect line (10), and remove seal (11). 


c. Remove valve (66) and seal (67). 


$-241. INSTALLING GAS GENERATOR OXI- 
DIZER PURGE CHECK VALVE. (Sce figure 
3-64, ) 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I, 


b. Install seal (67) and valve (66). Using 
torque adapter T-5041242, cross-torque bolts 
to 45 45 in-lb. Safetywire bolts and install 
aluminum seal on lockwire. 


c. Install seal (11) and connect line (10). 
Cross-torque nuts to 100 45 in-lb. 
3-242, ELECTRICAL CABLE SUPPORT 
POST, Sn ee ee 


3-243, PEMOVING ELECTRICAL CABLE 
SUPPORT POST. (See figure 3-67. ) 


a. Remove door (6). 


b, Remove bolts and nuts from interface 
panel, and remove plate (5). 


c. Support post (1), and remove bolts from 
outer flange of inteilace panel; then remove 
post, washer (4), shims (3), and spacer (2). 


3-244, INSTALLING ELECTRICAL CABLE 
SUPPORT POST. (Sce figure 3-67. ) 


a. Remove pin M89245-35, washer 
651690-19, spacer 651690-17 (2), and 4 shims 
651690-23 (3) from support post (1). Retain 
for reinstallation in step e. 


b. Temporarily install support post (1) on 
engine interface pane) with bolt 
RD111-4009-0808, washer RIN153-5002-008, 
washer RD153~-1002-0008, and nut 
RO114-8005-1008. ‘Tignten nut, but do not 
torque, 

NOTE 
Bolt RD111-4009-0810 may be used 
in place of bolt RD111-4009-0808 if 
two additional washers are used 
fone washer RN153-5002-0008 under 
the bolthead and one washer 
RD153-1002-00U8 under the nut}, 
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ec. Temporarily install spacer (2) and shims 
(3) between support post (1) and interface panel, 
and remove shim laminations, as necessary, to 
obtain a cacarance of 0.005 inch maximum be- 
tween support post (1) and interface panel at 
final installation. (See figure 3-67, view A.) 


d, Remove spacer (2), required shims (3), 
and attaching part temporarily installed in 
step b, 


e. Assemble spacer (2), required shims (3), 
and washer 651690-19 (4) to support post (1) 
with pin MS9244-35. 


f. Install support post (1) and secure to 
interface panel with bolt RD111-4009-0808, 
washer RD153-5002-0008, washer 
RD153-1002-0008, and nut RD114-8005-1008. 
Torque nut to 740 +75 in-Jb. 


NOTE 


Bolt RD111-4009-0810 may be used 
in place of bolt RD111-4009-0808 if 
two additional washers are used 
(one washer RD153-5002-0008 under 
the bolthead and one washer 
RD153-1002-0008 under the nut). 


ge. Install plate 651591 (5) and secure to sup-~- 
port post with 2 washers LD153-0013-0002 and 
2 bolts RN111-1010-6417. Terque bolts to 
90 +10 in-Ib. 


h. Install 2 bolts RD111-1009-0412 and 2 
washers L1D153-0013-0002 that secure support 
post (1) to interface panel. Torque bolts to 
90 410 in-lb. Safetywire bolts. 


{. Install 3 bolts RD111-1010-6417, 3 washers 


LD153-0013-0002 (under poltheads, 3 washers 
RD153-1002-0004 (under nuts), and 3 nuts 

RD114-8005-1004 that secure support post (1) 
to interface panel. Torque nuts to 75 +7 in-lb. 


j. Install 2 screws NAS1102C4-40 and 2 nuts 
RD114-8005-1004 that secure support post (1) 
to interface panel. Torque nuts to 85 35 in-lb, 


k. Install door 651592 (6) and secure to sup- 
port post (1) with 12 screws AN520C10R1i4 and 
12 washers 1,.D153-0010-0008. 


1. If required, adjust dimension of bearing to 
interface panel flange. (See {tgure 3-67.) 


Torque jamnut RD114-8009-0001 to 900 +90 in-Ib. 
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Figure 3-67. Electrical Cable Support Post (Sheet 1 of 2) 
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Figure 3-67, Electrical Cable Support Post (Sheet 2 of 2) 


8-245, INTERFACE PANEL TO OXIDIZER 
INLET INSULATION SEAL, 
3-246, REMOVING INTERFACE PANEL TO 
OXIDIZER INLET INSULATION SEAL. (See 
figure 3-68, ) 

a. Remove fasteners and channels (i, 2), 

b. Remuve seals (3). 
3-247. INSTALLING INTERFACE PANEL TO 
OXIDIZER INLET INSULATION SEAL. (See 
figure 3-68, ) 

a. Place 2 channels 651586 (1)and 2 channels 
651587 (2) in position around interface panel 
opening. 


1 Channel 2 


b. Install 2 seals 651588 (3), and secure 
seals and channels using 10 bolts NASI003-3A, 
10 washers RD15$-1003-0006, 10 washers 
RD158- 5004-0003, and 10 nuts RD114-8003-1003. 
Toraue nut to 24-30 in-lb. 


3-248. INTERFACE PANEL. 


3-249. Equipment required consists of sling 
9024915 from Component Handling Fixture Set 
G4068 and alinement fixture T- 5039202. 


§-250. REMOVING INTERFACE PANEL. (See 
figure 3-69. ) 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I. 


OXIDZER INE E = 


PANEL. 


INTERFACE z 


view A-A 


P1+301-70 


Channel 3 «Seal 


Figure 3-68, Interface Panel to Oxidizer Inlet Insulation Seat 
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b. Disconnect thermal insulation Insulator 
145532-11 from interface panel. (Refer to 
R-3896-6, } 


c. If insulating boots from fvel inlet elbows 
to interface panel are installed, loosen clamps 
that hold boots to interface panel. 


d. Disconnect tube (1), and remove nut (3) 
and adapter (2), 


dA. Disconnect thermal insulation bracket 
(3A) from interface panel. Retain attaching 
hardware, 


dB, Remove thermal insulation brackets 
(3B through 3£), as required, to install sling 
9024915, 


e, Disconnect engine control and flight 
instrumentation harness receptacles from 
panel, 
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Figure 3-69. Interface Panel (Sheet 2 of 2) 


f. Install sling 9024915 on interface panel, 
and support panel, (See figure 3-70, ) 


CAUTION 


The interface panel weighs agproxi- 
mately 413 pounds. 


g. Loosen boits that attach brackets (8, 9, 
figure 3-68). 


h. Disconnect struts (4 through 7) from 
interface pane], Support struts to prevent 
damaging engine equipment. 


i. Reroove bolts from brackets (8, 9). Each 
bracket containa a pin that engages a hole in the 
interface panel. If required, use a plastic or 
rawhide hammer to separate brackets from 
interface panel, Make sure that struts and 
brackets ave suppozted and interface panel is 
prevented from swinging. 
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Figure 3-70, Handling Interface Panel 


j. Carefully manipulate interface panel and 
remove panel from engine. 


k, If interface panel will be replaced, re- 
move the following components (if installed) 
from interface panel. 

(1) Electrical cable support post. (Refer 
to paragraph 3- 243, ) 


(2) Interface panel to oxidizer inlet ineula- 
tion seal. (Refer to paragraph 3-246.) 


WARNING 


Primer (MIL-P-8585) is flammable 
and must not be used near heat, 
sparks or open flame, It is toxic, 
Inhalation of ita vapors or pre- 
longed contact with the primer can 
cause serious bodily harm, In case 
of prolonged exposure, immediately 
obtain fresh afr and waeh skin with 
soap and water. 


1, If interface panel will be replaced, re- 
move brackets (8, 9) from engine siruts (10 
through 12) and attach them to rejected panel. 
Apply one cvuat of zinc chromate primer 
(MIL-P-8585) to inside dlameter of threaded 
holes in panel; then install bracket bolts while 
primer is wet, Torque bolts to 600 +30 in-lb. 
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$-251, INSTALLING INTERFACE PANEL, 
(See figure 3-69, ) 


a. Observe safety, and contamination and 
damage prevention requireinents outlined in 
section I, 


NOTE 


Steps b through d are performad if 
the interface panel is a replacement, 


b. Install interface panel to oxidizer inlet 
seal, (Refer to paragraph 3-247.) 


c. Install electrica)] cable support post, 
(Refer to paragraph 3-244, ) 


d, Remove brackets (8, 9) and attach to 
respective engine struts. (See strut attachment 
method in figure 3-69.) Lubricate pins with gear 
grease (MIL-~G-23827), Apply lubricant using 
Method Z outlined in section I, Make sure pins 
and washers are correct size for each connect:on, 
Torque nuts to 35 45 in-Jb. ; 


CAUTION 


The interface panel weighs approxi- 
mately 413 pounds. Extreme care 
must be used when positioning the 
panel on the engine, to prevent 
damage to the engine. 


e. Attach sling 9024915 to panel, and holst 
panel into position for installation. (See figure 
3-70.) Using extreme care, position panel on 
engine. Guide electrical and instrumentation 
receptacles through applicable openings as panel 
ig positioned, 


WARNING 


Primer (MIL-P.8585) is flammable 
and must not be used near heat, 
sparks or open flame, It is toxic. 
Inhalation of its vapors or prolonged 
contact with the primer ran cause 
serious bodily harm. In case of 
prolonged exposure, immediately 
obtain fresh air and wash skin with 
soap and water. 


f, Attach brackets (8, 9) to panel. Coat in- 


’ side of threaded boitholes with zine chromate 


primer (MIL-P-8585), and install bolts while 
primer fs wet, Torque bolts to 600 +30 in=1b, 
Remove excess primer, 


g. Attach struts (4 through 7) to panel, Lu- 
bricate pins with gear grease (MIL-G- 23827), 
Apply lubricant using Method Z outlined in 
section I. Make sure that ping and washers 
are correct size for each connection, Torque 
nuts to 35 +5 in-lb, Safetywire all strut con- 
nections by safetywirlng nut to head of pin. 


h. Remove sling. 


1, Using lubricant grease RBO140-012 
(Rocketdyne), lubricate forward threads of 
adapter (2) for installing nut (3). Apply lubri- 
cant using Method A outlined in section I, In- 
stall adapter (2), aline for tube (1), and torque 


* nut (3) to 560-650 in-Jb. 


j. Connect tube to adapter. Record running 


torque of tube coupling nut during last 1/2 turn 
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Section JIT 
Paragraphs 3-252 to 3-253 


of coupling nut prior to seating of tube flare. 
Torque must be 60-200 in-lb. Continue to 
torque coupling nuta to 270-345 in-lb above 
recorded running torque. 


k. Attach engine control and flight instru- 
mentation harness receptuctes to interface 
panel. Torque fasteners to 70 +5 in-lb. 


1, Attach fuel inlet elvow boots to interface 
panel. Torque clamp screws to 20 +2 in-Ib, 
Satetvwire screws, 


NOTE 


Steps m through 4 aline the inter- 
face panel. 


m. Remove covers froin fuel iniet elbows, 
and install alinement fixture T- 5039202 on inlet 
elbow flnnges. 


NOTE 


Fixture and engine mating surfaces 
must be clean. 


n. Rotate alinement fixture to determine 
relation of centers of interface panel cutouts to 
centers of fuel inlet elhow flanges. Maximum 
allowable displacement is 0. $50 inch. Hecord 
dimensions. 


o. Uf required, adjust centers within toler- 
ance by loosening jamnuts of struts (10, 11, 12) 
and adjust strut lengths to meet alinement 
requirements. 


p. Torgue jamnuis to 300 430 in-Ib. Safety- 
wire jamnuts. 


q. Remove allnement fixture, and install 
covers on fuel inlet elbows. 


r. Reinstall thermal insulation brackets (3B 
throngh 3D) using HI- LOCK pins HL30-8-18 and 
HI-LOCK collars HLI94W-8 (HI Shear Curp). 


3. Reinstall thermai insulation bracket (3E) 
using HI- LOCK pins H1.30-8-18, HL30-8-18, 


and HI- LOCK collars HL184W-B (HI Shear Corp). 


Pins HL36-8-18 are used in outermost holes. 


t, Attach thermal Insulation bracket (3A) to 
interface panel] flange, Torque nutsto68 #7 in-1b, 


uy Attach thermal inswation insulator 
145392-11 to interface panel, (Refer to R-3896-8,) 


3-252, GIMBAL BEARING, 
3-293, The gimbal bearlng (figure 3-71) ts re- 
moved and installed as an assembly, Fquipment 
required consists of adapter 9024906 and fixture 
9024912 from Component Handling Fixture Set 
G4068 and four Gimbal Bearing Locks G4059, 
(See flgure 3-72 for handling equipment and 
figure 3.73 for replacement criteria, ) 
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Figure 3-71. Gimbal Bearing 
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Figure 3-72. Handling Gimbal Bearing 


R-3896-3 Section II 
Volume I Paragraphs 3-254 to 3-258 
3-254. REMOVING GIMBAL BEARING, (See of boot clamps until boot snap fasteners can be 


figure 3-71.) 
a. Remove gimbal hoot (1) and pan (2). 
aA. Remove gimbal locks G4059, if ‘nstalled. 


b, Loosen Xq axis adjusting bolts from 
welded lugs. (Sea figure 3-75. ) 


c. Install adapter 9024906 from Component 
Handling Fixture Set G4068 on gimbal face, and 
torque bolts to a minimum of 200 in-lb. (See 
figure 3-72. ) 


d. Attach fixture 9024912 to adapter and 
support ginibal. 


e. Remove gimbal attaching bolts and half- 
spherical gimbal flanges (3, figure 3--71). 


CAUTION 


The gimbal weighs approximately 
426 pounds. 


f. Hoist gimbal (4) clear and lower to a clean, 
prepared surface. Remove fixture andadapter. 


$-255. INSTALLING GIMBAL BEARING. 
figure 3-71. ) 


(See 


a. Install adapter 9024906 on gimbal face. 
(See figure 3-72.) Torque bolts to a minimum 
of 200 in-lb. Attach fixture 9024912 to adapter. 


CAUTION 


The gimbal weighs approximately 
426 pounds. 


b. Hoist gimbal (4, figure 3-71) into position, 
and install half-~spherical gimbal flanges (3). 
Torque bolts to 30 +10 ft-lb. Final torque 
{300 +10 ft-tb) will be accomplished during 
alinement. 


c. Remove handling equipment, and install 
4 Gimbal Bearing Locks G4059. 


d. Perform gimbal alinement as outlined in 
paragraph 3-256, if required. 


e. Install pan (2) and boot (1) following any 
required gimbal alinement. Torque pan screws 
to 8-10 in-lb. Safetywire screws. Torque nuts 
for pan T-bolts to 40 +5 in-lb. Tighten screws 


closed. 
3-258, ALINING GIMBAL BEARING. 


3-257. ‘fhe gimbal bearing (figure 3-71) is alined 
whenever maintenance tasks have disturbed the 
delivered alined position of the gimbal, dome, 

or injector. See figure 3-73 for alinement 
requirements, figure 3-74 for preliminary aline- 
ment of the gimbal seat to plate, figure 3-75 for 
gimbal axes and reference locations, and figure 
3-76 for alinement tools. Equipment required 
consists of Gimbal Bearing Locks G4059, holding 
fixture T-5037454, and check fixture T- 5037452. 


3-258. PARALLELING GIMBAL BEARING TO 
THRUST CHAMBER INJECTOR. 


NOTE 


Steps a and b are performed only 

when the gimbal is a replacement 

and requires adjustment to the de- 
livered alined pasition. 


a. Measure plate-to-seat dimensions as 
shown in figure 3-74. If necessary, adjust to 
0. 220 to 0. 280 inch using the Zq axis adjusting 
bolt. (See figure 3-75 for axis and alinement 
pin locations. ) 


NOTE 


The minimum adjustment is 1/12 
turn, due to the 12-point lock, and 
moves the gimbal 0. 007 inch along 
the axis. 


b. Measure from sides of gimbal to adjust- 
ment lugs on dome. If the difference between 
measurements exceeds 0.030 inch, adjust to 
within this tolerance, using the Xy, axis adjust- 
ment bolts. 


NOTE 


A 1/6 turn of the Xq axis adjusting 
boltS moves the gimbal 0. 014 inch 
along the axis. 


¢c. For access to alinement pin D, support 
heat exchanger lines, remove cover of heat 
exchauger duct dome bracket, and remove heat 
exchanger customer duct dome support and 
bracket as an assembly, 
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Resultant Gimbal 


Delivered Resultant Adjuetment Factor Procecure 
Measured Resultant Lateral Displacement Reported in Component fo: 
Lateral Displacement Reportedin Log Book Log Book Repiacement Component 
(Inch) (Inch) (Inch) Capability Replacement 
0. 0000 io 0, 2400 0. 0000 to 0. 2400 0 a and/or b and/or c Cc 
ord 
@ and/or b and/or c A 
and/or d 
0. 2401 to 0. 3200 0. 2401 to 0, 3200 0 a and/or b and/or c Cc 
a and/or b and/or ¢ A 
and/or 4 
0. 3201 to 0. 6100 0. 1201 to 0. 4100 0. 2000 b c 
a and/or b and/or ¢ B 
and/or a 
0, 6101 to 0, 6400 0. 3801 to 0. 4100 0. 2300 a and/or b and/or c B 
and/or d 


Component Replacement Capability 


(a) Remove and reinstall dome and/or injector to thrust chamber without removing gimbal from 
dome. 

(b) Remove, disassemble, and reinstall gimbal to dome (with or without gimbal disassembly). 

(c) Replace dome (with reinstallation of original gimbal). 

{d) Replace gimbal only. 


Procedure for Component Replacement 


(A) Use alinement equipment after reassembly for centering gimbal. Record new gimbal adjust- 
ment settings. 

(B) Use alinement equipment after reassembly for centering gimbal. Record new gimbal settings. 
Readjust gimbal on Xu and ZG axes by gimbal adjustment factors in log book. 


(C) No special equipment required. Readjust gimbal, if applicable, to same settings as in log book. 


nar ne 


Figure 3-73, Component Replacement Crieria 


NOTE NOTE 

The position of the threaded bush- Measurements may be taken through 

ings in the support and the bolts in holes E, F, G, and H (figure 3-75) 

the slotted holes of the support and to approximnitely parallel gimbal 

bracket must not be disturbed. interface, 

ad, Remove Gimtal Bearing Locks G4059, f. Install check fixture T-5037452 on holding 

and install holding fixture T-5037454 ring, fixture. 
screw jacks, and plate, with screw jacks re- 
tracted. Position notch in ring toward turho- g. With dial indicator in position No. 1 
pump oxidizer inlet. (fire 3-76), measure distances to forward 


surfaces of alinement pins A and B (figure 3-75). 
e, Adjust screw jacks to position gimba) face Record diinensions. 
approximately parallel with injector, 
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Figure 3-74. Adjusting Gimbal Bearing 


h. If difference between dimensions exceed 
0.005 inch, adjust screw jacks of holding: 
fixture, as necessary, to obtain paraldlet.ism 
within toleranee noted, 


1. Repeat step ¢, and record final values 
for each position, 


J. Repeat steps g through i with alincment 
pins Cand D. (See figure 3-75. ) 


k. Measure and record final dial indicator 
readings for each alinement pin location. 


l. Remove handling equipment, and install 
4 Gimbal Bearing Locks G4059. 


Section III 
Paragraph 3-259 


NOTE 


The tixtures may be lett installed 
if centering and alining the gimbal 
(paragraphs 3-259 and 3-260) is 
required, 


m. Install heat exehanger customer duct 
support and bracket, 


n, Toryue bolts at dome baltheads to 300 ;10 
in-]b, 


o. Torque nuts for bracket bolts at fuel 
manifold to 170 +10 in- lb. 


p. Install bracket cover, and torque bolts to 
25 +5 in-l. Safetywire bolts, 


8-259. CENTERING GIMBAL BEARING TO 
ENGINE CENTERLINE. Caumpliance witn the 
requirements of paragraph 3-258 must precede 
performance of this procedure, 


a. Ti not already inslalled from paragraph 
3-258, install holding fixture T-5037454 and 
check fixture ‘I 5037452, 


b, Using dial incdicatur in position No, 2 
(figure 3-76), measure avd record distances to 
ouler ditmeter of alingement ping A and B 
(figure 3-75), 


ce. Tf difference between the dimensions 
recorded exceeds 0,010 Inch, actjust Ki; axis 
adjusting bolts to obtain # +X or +X a 
difference within tolerance indicated,” Record 
plus or minus difference, 


NOTH: 


A. 1/6 turn ot the Xe axis adjusting 
bolts moves the gimbal 0.014 inch 
along the axis, 


co Repent step b with alinement pins C and 
Dd, 


e. If difference between dimensions re- 
corded execeds 0,010 inch, adjust 2g axis 
adjusting bolt to obtain a 4Z,. or “4c, differ- 
ence within tolerance indicated. Record pius or 
minus difference. 
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NOTE 


A A/12 turn of the Zag axis adjusting 
bolt meves the gimbat 0,007 inch 
along the axis, 


(, kepeat steps b through e@, and record 
final plus or minus dimenstonal differences, 


3-260, GIMBAL BEARING FINAL ALINE- 
MENT. The final alinement places the center- 
line of the gimbal jn Che delivered engine posi- 
tion. Compliance with the requirements of 
paragraphs 3-258 and 3-259 must precede the 
performance of this procedure. 
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Allning Gimbal Bearing 


a. Obtain values for the following from en- 
gine aeceptance data sheet in Engine Log Boolc: 
(1) Resultant gimbal factor 
(2) XG component gimbal adjustment factor 
(3) 4G component gimbal adjustment factor 


b. Remove handling equipment, and instail 
Gimbal Bearing Locks G4059, 


c. Obtain value for gimbal settling along Z,, 
axis on No. Lactuator side by measuring 
distance from plate to etched cross on seat of 
gimbal. Record measurement, 
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Figure 3-76, 


Gimbal Bearing Alinement 
Tools 


da. Obtain value for gimbal setting alongs X_, 
axis on No, 2 actuator side by moasuriipe dis~" 
tance between dome lug nearest No, 2 actuator 
side and plate of gimbal. Record measurement, 


e, Obtain value for gimbal setting along X,, 
axis opposite No, 2 actuator side by moasuriny 
distance betwoen dome lug opposite No. 2 
actuator side and plate. Record measurcment, 


f,§ Move gimbal according to gimbal factors 
obtained in step a. 


g. Repeat steps ¢ through e, and record new 
values in Engine Log Book, 


h. Install lock and pin on 4G axis adjusting 
bolt, 


1. Torque flange bolts to 300 +10 ft-lb, 


Seelton ili 
Paragraphs 3-261 to 3-263 


j. Repeat steps ¢ through ¢, and make sure 
that values were not changed during bolt 
torquing. Ifa changed value exceeds +0,010 
inch, retorque flange bolts ta 300110 ft-lb; rr- 
peat procedure until settings remain in tolerance 
after finak torquing, 


k, Safetywire X,. axis and 4, axis adjusting 
G G 
bolts, 


lL. Install boot pan and boot 2s outlined in 
paragraph 3-255, 


3-261. ASSOCIATED ENGINE KQUIPMENT, 


3-262, This procedure is performed when in- 
dicated by other procedures in this seetion, The 
associated equipment must be removed to ac- 
complish any oxidizer dome removal either 
singularly or in combination with the gimbal 
hearing and/or the trust chamber injector, 
Equipment required consists of Turbopump 
Support C4083 and sling 9024915, 


3-263, REMOVING ASSOCIATED ENGINE 
FQUIPMENT. (See figure 3-77, ) 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section 1, 


Db. Remove wrap around tines as outlined in 
paragraph 3-91, 


e, Remove the following thernal insulation 
components, Retain attaching parts. Insulator 
145532 may be cleared, a8 required, with 
brackets 145188, 145286, and 145614 partially 
assembled, (Refer to R-3896-6 for part 
locations, ) 


(1) Frame 145477 
(2) Frame 145925 
(3) Bracket 145290 
(4) Clamps 145255 
(5) Tie rod 145305 


(6) Bracket 145344 
(7) Bracket 145188 
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Figure 3-77, Associated Engine Equipment (Sheet 1 of 2) 
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1 Check valye 12 Tuhe &) 
2 Pressure- 13 Bracket'4- 
actuated seal 14 Support 

3. Cover 15 Bushing 
4 Liner 16 Cover 
5 Support 17 Support 
6 Bushing 18 Clamp 
7 Support 19 Plug 

8 Spacer 20 Adapter 
9 Bushing 21 Seal 

10 Tube lt 22 Tube 

11 Seal 233 Union 


(a) Engines theorporating MD150 er MID151 change 


(b) Matehed set 


{c) Engines incorporating MD162 or MD163 change 


24 §=Gasket 36 Suppo a 
25 Support (a) 37. Tubela 

26 Hose 38 Bracket @) 
27 Seal 39 Strut 

28 Tube 40 Strut 

29 Union 41 Strut 

30 Gasket 42 Strut 

31 Support (a) 43s Strut 

32 Retainer P(e) q4 Pressure- 
33 Bracket () actuated seal 
34 Tubeld) 45 Pressure- 


35 = Seat (el) actuated seal 


(d) Fangines not incorporating MD150 or MD151 change 


i a ERT TE 
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Figure 3-77, Associated Pugine Equipment (Sheet 2 of 2) 


(8} Bracket 145286 
(2) Bracket £45614 
(10) Insulator 145532 


d, Disconnect check valve (1), and remove 
seal (2), 


¢, Remove cover (3), Liners (4) may be 
loft onstiulled. 


f, Remove support (5) without disturbing 
bushings (6) or adjusting support to bracket. 


#. Remove support (7) and spacer (8), Do 
not disturb bushings (9), 


h. On engines Incorporating MN150 or 
MD151 change, disconnect tubes (10,12), re- 
move seals (11), and remove bracket (13), 


$, Remove support (14) without disturbing 
bushiags (15), 


Jj. Messure and record extension of purge 
lines from line interfaces to support (17); then 
remove cover (16) and support (217), Clamps 
§ (18) may be left installed on lines, 


k, If thrust chamber injector is to be re- 
moved, disconnect plug (19) as outlined in 
paragraph 3-16, 


1], Remove adapter (20) with transducer 
attached, and remuve seal (21), 


m, Remove tube (22) and seats (11), It 
thrust chamber injector will be replaced, re- 
move unlon (23) and gasket (24), 


n, On engines incorporating MD150 or 
MDI5L change, remove support (25), 


o, Disconnect hose (26), and remove seal 
(27). 


p. Remove tube (28) and seals (11), I! 
thrust chamber injector will be replaced, re- 
move union (29) and gasket (30), 


q. On engines incorporating MD150 or 
MDL5i change, remove support (31). 


r. On engines Incorporating MD162 or 
MD163 change, remove retainer (32), and 
bracket (33). 

NOTE 
Retainer (82) consists of matched 


ports. If one part is damaged, the 
complete retainer must be replaced. 


s. On engines not incorporating MD150 or 
MD151 change, remove tube (34), seal (35), and 
support (36), 
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Paragraph 3-264 Volume I 
i. On engines incorporating MD150 or ec. Make sure that oxidizer duct and oxidizer 
MD151 change, remove tube (37), seals (11), valve flanged joints are secured on at least one 
and bracket (38). side of engine; then remove Turbopump Support 
G4083, and reinstall fasteners removed to in- 
CAUTION stall support, Cross~torque nuts to 1, 150-1,250 
in-Jb., 
Tension on the interface panet sling 
must maintain the interface panel in d, Install struts (40 through 43), Lubricate 
the level position. Excessive ten- (Metiiad Z) pins with geai grease 
sion can damage engine clectrical (MIL~G-23827), and torque nuts for pins to 
harnesses. 39 ;5in-lb. Safetywire nuts to heads otf pins. 
Support interface panel using sling NOTE 
9024915 from Component Uandiing Fixture Set 
G4088. (See figure 3-70, ) Strut (39) was instatled during: instal- 


lation of the oxidizer dome. 
v. Remove struts (40 through 43), 
e, Remeve sling 9024915, 


NOTE 
f. Mounions (23, 29) and gaskets (24,30) 
Strut (39) cannot be removed until were removed, lubricate (Method A) unions | 
the oxidizer dome is partly re- with thread compaund C-5A (Felt Produets and 
moved. install gaskets and unions. Torque unions to 


35-80 in-Ib, Safetywire unions. 
w. Tastall Turbopump Support G4083 using 


instructions provided on support, g. On engines aot Incorporating MPD150 or 
MDI52 change, tnstall support (36) on donie 
CAUTION bults numbered 7, 39, and 23. Torque atlachiny 
bolts to 35 65 in-lb; then lubricate (Method G) 
The oxidizer valves nay be sup- tube (34) with lubricant grease RBO140-012 
ported against the fuel valves, (Rocketdyne) and install seals (36) and tube, 
Personnel must not exert their Torque dube coupHng mts to 160 410 inb, 
weight on unsupported oxidizer Saletywire bolts and coupling nuts, 
valves because alinenient nuvy 
be affeeted, h, On cngines ineorporating MD150 or 
MDI151 change, Install the following supports 
x, Miseonnect No. band No. 2 oxidizer and brackets at numbered oxidizer dome bolts 
valves from oxidizer deme, and remove as indicated. Torque attaching bolts to 75 45 
pressure-actuated seals (44, 46), in-lb and safetywhire bolts. 
3-264, INSTALLING ASSOCIATED ENGINE (1) Bracket (88): dome bolis 7, 39, 
EQUIPMENT, (See fyrure 3-77.) Lubricants and 23, 
used la this procedure must be applied ushig. 
specified tubricating procedures (methods) (2) Support (31): dome bolts 22, 42, 
ottlined in seellon 1. and 14. 
a. Observe safety, and contamination and (3) Support (25): dome bolts 57, 32, 
damage prevention requirements as outiiaed in and 53. 


section I, 
(4) Bracket (13): dome bolts 29, 59, 
b. Install pressure -actuated seals (44, 45), and 9. 
andatlach No. land No, 2 oxidizer valves to 
oxidizer dome, Cross-torque bolts to 
1,150-1,250 in-Ib. Safetywire bolts. 
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i, On engines incorporating MD150 or 
MDI51 change, lubricate (Method G) tubes 
(22,28) with thread compound C-5A (Felt 
Products), Install seals (11) and tubes, Torque 
coupling nuts to 160 :10 in-lb. Safetywire 
coupling nuts, 


j. On engines incorporating MD150 or 

§ MD151 change, lubricate (Method GY tubes 
(10/1237) with lubricant grease kBO140-012 
(Rocketdyne). Install seals (11) and tubes. 
Torque tube coupling nuts to 160 +10 in-lb, 
Safetywire coupling nuts. 


k. Install bracket (33), and torque bolts to 
175 115 In-Ib, Safetywire bolls. 


l. Install retainer (82) so that no stress is 
exerted on line, Torque nuts attaching retainer 
to bracket to 75 +10 in-th, Torque nuts of ro- 
tainer to 26 45 in-lb, 


m. Tnstall seal (27) anc connect hose (26), 
Cross-torque nuts to 85 +5 in-lb, 


he Ff thrust chamber injector was disturbed, 
install seal (2L) and adapter (20), Connect plug 
(19) to transducer as outlined in paragraph 3-17; 
then cross-torque nuts attaching adapter to 
100 410 in-th. 


o, Make sure climps (18) are installed on 
lines; then install support (17), Adjust support 
to dimensions recorded during removal for ex- 
tension of lines and torque bolts to 100 15 in-ib. 


p. Install cover (16), 
in-lb. 


Torque nuts to 75 35 


q, Install support (14). Turque bolts Chrough 
bushings (15) to 85 +5 in-Ib, Torque outer bolts 
ito 350 125 in-Ib, Safetywire bolts. If bughiays 
(15) or bracket allached to support (14) were 
disturbed, support and bracket must be adjusted 
as outlined in paragraph 3-267, Torque for 
bushing nuts ts 150 120 in-lb. Safetywire nuts 
and bushings, 


r. Install spacer (8) and support (7), A 
minimum of 0,010 inch must be maintained 
between the support and the dome torus, A 
maxiinum of three washers RD153- 1002-0006 
may be installed under che support at the dome 
{lange to obtain the required clearance. Torque 
bolts through bushings to 85 15 in-lb, Torque 


Section HI 
Paragraphs 3-265 to 3-266 


outer bolts to 300 110 in-lb, Safetywire bolts, 
Ii bushings (9) or bracket attached to support 
(7) were disturbed, the support and bracket 
must be alined as outlined in paragraph 2-265, 


s, Install support (5). Torque bolts at dome 
flange to 300 :10 in-lb, Torque nuts to 170+10 
in-lb, Safetywire bolts at dome flange. If 
bushings (6) or bracket attached to support (5) 
were disturbed, support and bracket must be 
alined as outlined in paragraph 3-269, 


t. Install liners (4) and cover (3), 
nuts for caver bolls to 25 +5 in-lb, 


Torque 


u. Install prossure-actuated seal (2) and 
cheek valve (1). Cross-torque bolts to 255 15 
in-1b, 


v. Check alinement of interface panel as 
outlined in paragraph 3-251, 


WwW. Reinstall thermal insulation components 
listed in paragraph 3-263, Install components 
as outlined in R-3896-6, 


x, Install wrap-around fines as oullinea ti 
paragraph 3-92, 


y. Refer to section IV for post-maintenance 
test requirements, 
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3-266. Fquipment required for alinement eon- 
sists of holding: fixture 'T-5037454, alinement 
tool 'I'-5039113, and Gimbal Bearing Locks 
G4059, 


NOTE: 
The paraulel surface of the gimbal 
bearing Interface may be used in 
this proceedure only when any re- 


quired gimbal adjustments have 
been completed, 


a, If not already inslalled, inslall heat ex- 
changer customer duct support and bracket. 
Yorque bolts in dome bolthead to 400 110 Li Ih, 
Torque support balts to dome face to 85 45 in- 
lb. Safetywire bolts, 
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Figure 3-78, Alining Heat Exchanger Ducts, Hydraulic Ducts, Purge Lines, 
and Support Brackets (Sheet 1 of 2) 
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Figure 3-78. Alining Heat Exchanger Ducts, Hydraulic Ducts, Purge Lines, 
and Support Brackets (Sheet 2 of 2) 


b. Parallel gimbal interface as outlined in 
paragraph 3-258, Leave holding fixture 
T-50374 54 installed, 


c. Install detail 101 of alincment tool 
T'-§039113 on tool plate that is Installed on 
gimbal bearing interface, (See figure 3-78, 
detail C, for tooling. ) 


d, Install detail 301 of alinement tool on 
detail 101, 


e. Aline bracket to details 303 and 306 of 
detail 301 of alinement tool, using Lracket-to- 
support adjusting bolts and adjustable bushings 


of support. Torque nuts for bracket bolts to 
95 +5 in-lb. Torque bushing nuts to 150 450 in- 
Ib, Safelywire bolts, bushings, and nuls, 


f, Remove alining equipment, and dustalt 
4 Gimbal Bearing Locks G1059,. 
NOTE 


If the hydraulic customer duct sup- 
port ig installed and requires aline- 
ment (paragraph 3-267), the alining 
equipment may be left installed. 
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3-267, ALINING HYDRAULIC CUSTOMER 
DUCT SUPPOR'! GND D BRACKET. (See figure 
3-%8, 

3-268. Equipment required for alinement con- 


sists of holding fixture T-5037454, alinement 
toot T-5039113, and Gimbal Bearing Locks 
G4059, 


NOTH 


The parallel surface of the gimbal 
bearing interface may be used in 
this procedure only when any ve- 
quired gimbal adiustments have 
been completed, 


a. Ti not already installed, instal hydraulic 
customer duct support and bracket, Torque 
holts in dome boltheads to $00 110 in-lb, 
Torque support bolts to dame face to 85 45 
in-lb, Safetywire bolls, 


b. Parallel gimbal bearing (paragraph 
3-258), Leave holding fixture T-5037454 
installed. 


c. Install delait 101 of aHnement tool 
T'-f039113 on tool plate that is installed on 
gimbal bearing interface, (See figure 3-78, 
detail D, for tooling, ) 


d. Install detail 201 of alinement tool on 
detail 101, 


ce. Aline bracket to detail 210, using 
bracket-to- support adjusting bolis and adjust- 
able bushings of support, ‘Torque nuts for 
bracket balts te 130 +10 In-lb. Torque bushing 
nuts to 150 +20 in-)b, Safetywire bolts, bush- 
Ings, and nuts. 


f, Remove alining equipment, and install 
4 Gimbal Bearing Locks G4059. 
3-269. ALINING HBAT EXCHANGER DUCTS 
SUPPORTS AND D BRACKETS. (See figure 3-7 78.) 


Aha AOE i 


3-270, Equipment required for alinement con- 
sists of holding fixture T-5037454, alinement 
tool T-5039113, and Gimbal Bearing Locks 
G4059, 
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a. Aline heat exchanger ducts supports and 
brackels if position of any of the following has 
been disturbed: 


(1) Heat exchanger ducts dome support ta 
heat exchanger dome bracket (adjustment bolts) 


(2) Turbopump heat exchanger strat sup- 
port, 


(3) Heat exchanger bracket (at strut sup- 
port) 


b, (Deleted) | 


c. Parallel gimbal bearing as outlined in 
paragraph 3-258, Leave holding fixture 
T-5087454 instaNed, 


ad. Install detait 101 of alinement lool 
T-$039113 on tool pjate that is installed on 
fimbal bearing interface, (See figure 3-78, 
details A and Ib, for tooling. ) 


ec. Install detail 301 of alinement too} on 
detail 101, Use stubs (details 322, 323, 327, 
329) of alinement tool with detail 301 to simulate 
heat exchanger ducts, 


f. Adjust heat cachanger dome bracket to 
stubs by loosening bolts attaching it to heal 
exchanger ducts dome support. Torque mute to 
130 110 in-lh, Safetywire boltheads, ana sea) 
lockwire. 


g. Adjust turbopump heat exchanger strut 
support so that attached brackels aline to slubs 
‘Torque strut support nuts to 1565 +5 in-lb, 
Torque duct support bracket nuts to 100 410 in- 
lb. Safetywire boltheads, and seal lockwire, 


h. Remove alining equipment, and install 
4 Gimbal Bearing Locks G4059, 


3-271, ALINING GROUND SUPPLY HY- 


DRAULIC DUCT AND CHECKOUT VALY LA 19- 
HYDRAULIC RETURN DUCT, (See figure 3-78. ) 


3-272, Equipment required for alinement con- 
sists of holding fixture T-5037454, alinement 
tool T-§039113, and Gimbal Bearing Locks 
G4059. 
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NOTE 


The parallel surface of the gimbal 
bearing interface may be used in 
this procedure only when any re- 
quired gimbal] adjustments have 
been completed, 


4a. Parallel] gimbal interface as outlined in 
paragraph 3-268, Leave holding fixture 
T-5037454 installed, 


dd, Install detail 101 of alinement tool 
‘£-5039113 on tool plate on gimbal bearing 
interface, (See figure 3-78, detail D, for 
tooling. ) 


ec, Install delai! 201 of allnement tool to 
detail 101, 


CAUTION 


if the flanges do not allne to the 
tool, the cover, clamp, support, 
and bracket bolts must be loosened, 
to prevent stress on the hoses. 


d. Secure duct flanges t wal face, 


NOTH: 


If the hydraulic supply duct is not 
installed, detail 219 of the allne- 

ment tool ls installed on detail 203 
to aline the duct supply bracket, 


e. Secure hydraulle supply duct support by 
torquing nuts to 90 +5 in-lb. Safetywire bolts, 
and seal lockwire, 


{. Secure hydraulic supply duct bracket and 
hydraulic return duct support bracket by 
torquing nuts fo 110 110 in-lb. Safetywire bolts, 
and seal lockwire, 


g. Secure hydraulic support duct brackel 
clamp by torqaing nul to 40 +5 In-lb, 


h. Sceure hydraulic return duct support 
cover by torquing nuts to 30 +2 in«lb, 
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i, Remove alining equipment, and install 


4 Gimbal! Bearing Locks G4059. 


3-273, ALINING NO. 1 OXIDIZER VALVE 
DQME PURGE, LINE AND PUMP SEAL PURGE 
LINE, (See figure 3-78. ) 


3-274, Equipment required for alinement con- 
sists of holding fixture T-5037454, alinement 
tool T'-5040948, and Gimbal Bearing Locks 
G4059, 


NOTE 


The parallel surface of the giiabal 
bearing interface may be used in 
this procedure only when any re~ 
quired gimbal adjustments have 
been compicted. 


a. Parallel gimbal bearing interface as out- 
lined in paragraph 3-258, Leave fixture 
T-509'7454 installed, 


b. Install alinement too! ‘P-5040048. (See 
figure 3-78, detail BE.) If Gimbal Bearing 
Locks G4059 are used Instead of holding fixture 
T-5097454, attach tool T-5040948 to gimbal 
bearing interface and add detail 130 hehind 
detail 112, 


ce. Aline purge Hne interfaces to tual face by 
adjusting brackets. ‘Torque nuts on cover of 
support to 75 +5 in-lb. Torque bolts of support 
at oxidizer dome flange boltheads to 100 45 in-th. 
Safetywlre bolts, 


d, Remove alining equipment, and install 
4 Gimbal Bear'ng Locks G4059. 


3-275. GIMBAL BEARING , OXIDIZER DOME, 


AN) 'THRUST CHAMBER INJECTOR, 


3-276, This procedure removes and ingtatls 
the gimbal bearing, oxidizer dome, and thrust 
chamber injector as an assembly isee figure 
3-79). Equipment required consists of adapter 
9024906, support 9024929, ana fixture 9024912 
from Component Handling Fixture Sct G4068, 
and alinement pins T-5039454. (See figure 3-80 
for handling equipment. ) 
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Figure 3-79, Gimbal Bearing, Oxidizer Dome, 
and Thrust Chamber Injector 


3-277, REMOVING GIMBAL BEARING, 
OXIDIZER DOME, AND THRUS'T CHAMBETt 

| INJECTOR. (See figure 3-79.) Specified 
lubricating procedures (methods) are outlined 
in section 1. 


a, Observe safety, and contamination and 
damage prevention requirements outlined in 
section I, 


b. Remove associated engine equipment as 
outlined in paragraph 3-263, 


ec. Remove Gimbal Bearlng Locks G4059, if 
lustalled,. 


d. Install adapter 9024906 on gimbal bearing 
interface; then attach fixture 9024912 to adapter. 
(See figure 3-80.) Torque adapter bolts to 
600 in-lb minimum, 


dA. Install support 9024929 on gimbal 
bearing. 
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FIXTURE 
9024912 


ADAPTER 


ADAPTER 
0024900 


Figure 3-80, Handling Gimbal Bearing, 
Oxidizer Dome, and Thrust 
Chamber Injector 


e. Remove bolts (1, figure 3-79) and 
washers (2). Remove plugs (3), and slightly 
loosen bolts (4). 


f. Disconnect atrut (7). 


CAUTION 


The assembly weighs approximately 
3,200 pounds. 


e The thrust chamber Injector must 
not be set on the injector baffles. 
Damage to tiie baffles or clogging 
of orlfice holes may result. 


g. Carefully hoist gimbal bearing, oxidizc~ 
dome (8), and injector (9) until strut (7) can be 
removed; then ratse assembly, remove xcals 
(10, 11), and place assembly on a clean, pre- 
pared surface with support against Injector face 
or flange. Support material used must not 
damage injector surfaces. 


h. Remove bolts (4) and seals (5), lft oxt- 
dizer dome from injector, and remove gasket 


(8). 
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i. Remove handling equipment, and install 
Gimbal Bearing Locks G4059, 


NOTE 


Handling the injector in a flat 
position requires adapter 9024909 
and fixture 9024912. Adapter bolts 
must be torqued to 590 in-lb 
minimum, 


j. Lubricate (Method A) oxidizer dome inlet 
closure fasteners with lubricant grease 
RBO140-012 (Rocketdyne). 


3-278, INSTALLING GIMBAL BEARING, 
OXIDIZER DOME, AND THRUST CHAMBER 
INJECTOR, (See figure 3-79.) Specified 
lubricating procedures (methads) are outlined 
in section I. 


WARNING 


Component Handling Fixture Set 
G4068 must be operated by author- 
{zecl personne! trained in the use of 
the equipment. 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
acction I, 


bh. Remove Gimbal Bearing Locks G4059, if 
installed, 


c. Install adiucter 9024906 on gimbal bearing 
interface, (See igure 3-80, ) Torque bolts to 
600 in-tbh minimum. Attach fixture 9024912 to 
adapter. 


d, Install support 9024929 on gimbal. 
CAUTION 


The oxidizer dome and gimbal 
bearing welghs approximately 2, 000 
pounds, 


e. Install gasket (8, figure 3-79) on injector 
(9) and carefully lower oxidizer dome on injec- 
tor, Make sure that dome and injector indexing 
holes are alined. The index holes are located 
between the flange boltholes on the centerline 
of the oxidizer dome inlets. 


Section IE 
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f. Lubricate (Method A) bolts (4) with lubri- 
cant grease RB0140-012 (Rocketdyne). Lubri- 
cate (Method R) seals (5) with fluorinated oil 
Krytox 143 AZ (Du Pont) or lubricant grease 
RBO140-012 (Rocketdyne). Install seals and 
bolts in inner row of holes of doine. Cross- 
torque bolis in sequence indicated by numbers 
stamped in oxidizer dome to one-third of final 
torque. Final torque is 685 435 ft-lb. 


g@. Install seal (11) in thrust chamber. 
CAUTION 


The assembly weighs approximately 
3, 200 pounds. 


h. Lift assembly, lubricate (Mcthod K) seal 
(10) with FS1281 grease (Dow Corning Corp), 
and install seal on injector, 


i. Aline assembly with index pins on thrust 
chamber and, as assembly is lowered, install 
strut (7) and temporarily secure strut at inter- 
face panel, Support most of assembly weight 
with crane until alinement pins are installed. 


j. Obtain numbers of 2 flange boltholes used 
for alinement from Rigid-Duct Spacer Dimen- 
sions form in Engine Log Book. 


k, Using 2 alinement pins T-5030454, back 
of, expansion nuts of ping; then back off bolts 


1. Using a suitable flat washer under the 
expansion nuts, install alinement pins in 
applicable holes until pins bottom out. Release 
weight of assembly, and torque expansion nuts 
to 360 435 in-lh. 


m. Install strut (7) attaching hardware. 
Lubricate (Mothod Z) ping with gear gr ease 
(MIL-G- 23827). Torque nuts to 35 +5 in-Ib. 
Safetywire nuts to head of ping. 


n. Retnove handling equipment, and install 
4 Gimbal Bearing Locks G4059, 


o. Lubricate (Method A) bolts (1) and lubri- 
cate (Method F) flat sides of washers (2) with 
lubricant grease RBO140-012 (Rocketdyne). 
Install bolts and washers in the dome flange 
holes as indicated: 


(1) Bolts 201599-5; holes numbered 11 
and 41, 
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(2) Bolts 201599-3; holes numbered 21, 
31, 37, and 38. 


(3) Bolts 201599; remaining flange holes 
except those with pins installed. 


p- Tight.n sufficient bolts (1) to maintain 
assembly in position, Remove alinement pins 
and install applicable bolt and washer 
combination, 


q. Cross-torque bolts (1) to one-third final 
torque in sequenc# indicated by numbers 
stamped in oxidizer cume. Repeat lorque 
sequence in one-third increments following 
numerical sequence of numbers stamped in 
dome until bolts (1) are torqued to 425 +25 ft-Ib 
and bolts (4) are torqued to 685 +35 ft-tb. 
Repeat torque sequence, as 1equired, until all 
bolts have reached s,.-rified torque; then, fol- 
lowing same torque sequence, back off first 
bolt (1) o1e-half turn and torque it to 335 415 
ft-lb. Repeat for each bolt (1), Safetywire 
bults (1). 


vr. Lubricate (Method A) plugs (3) with 
lubricant grease RBO140-012 (Rocketdyne). 
Install plugs and torque to 105 +5 ft-lb. 
Safetywire plugs. 


s. Aline gimbal bearing as outlined in 
paragramh 3-256. 


t. Install associated engine equipment as 
vutlined in paragraph 3-264. 


3-279. GIMBAL BEARING ANC OXIDIZER 
DOME. 


3-280. This procedure removes and installs 
the gimba' bearing and oxidizer dome as an 
assembly without removing the thrust chamber 
injector. Replacement of the oxidizer dome 
does not affect engine calibration. Equipment 
required consists of adapter 9024906, support 
9024929, and fixture 9024912 from Component 
Handling Fixture Sei G4068, and alinement 
pins T-5039454, (See figure 3-80 for handling 
equipment. ) 


3-281. REMOVING GIMBAL BEARING AND 
OXIDIZER DOME. (See figure 3-79.) Speci- 
fied lubricating procedures (methods) are 
outlined in section I. 
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WARNING 


Component Handling Fixture Set 
G4068 must be operated by author- 
ized personnel trained in the use 
of the equipment. 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I. 


b. Remove associated engine equipment as 
outlined in paragraph 3-263. 


c. Remove Gimbal Bearing Locks G4059, if 
installed, 


d. Install adapter 9024906 on gimbal bearing 
interface; then attach fixture 9024912 to adapter. 
(See figure 3-80.) Torque adapter bolts to 600 
in-lb minimum, and install support 9024929 on 
gimbal. 


e. Remove bolts (1, figure 3-79), washers 
(2), plugs (3), bolts (4), an’ seals (5), 


{, Disconnect strut (7). 
CAUTION 


The assembly weighs approximately 
2,900 pounds, 


g. Carefully hoist gimba)] bearing and oxi- 
dizer dome (6) until strut (7) can be removed; 
then raise assembly, and place on a clean, 
prepar .d surface. 


h, Remove gasket (8). 


i. Remove handling equipment and install 
Gimbat Bearing Locks G4059. 


j. Lubricate (Method A) oxidizer dome inlet 
closure fasteuers with lubricant grease 
RBO140-012 (Rocketdyne), 


3-282. INSTALLING GIMBsé L BEARING AND 
OXIDIZER DOME. (See figure 3-79.) Specified 
lubricating procedures (methods) are outlined 
in section I, 
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WARNING 


Component Handling Tixture Set 
G4068 must be operated by author- 
ized personnel trained in the use 
of the equipment, 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I, 


b. Remove Gimbal Bearing Locks G4059, if 
installed. : 


c. Install adapter 9024906 on gimbal bearing 
interface, Torque bolts to 600 in-lb ininimum, 
Attach fixture 9024912 to adapter. 


d. Install support 9024929 on gimbal. 
e. Install gasket (8) on injector. 
CAUTION 


The assembly weighs approximately 
2,000 pounds. 


f. Lift gimbal bearing and oxidizer dome and 
aline assembly with index pins on thrust cham- 
ber. As assembly is lowered, install strut (7) 
and temporarily secure strut at interface panel. 
Support most of assembly weight with crane 
until alinement pins are installed. 


g. Obtain numbers of 2 flange bultholes used 
for alinemont from Rigid-Duct Spacer Dimen- 
sions form in Engine Log Book. 


h. Using 2 alinement pins T-5939454, back 
off expansion nuts of pins; use a suitable flat 
washer under expansion nuts. Install alixement 
pins in applicable holes until pins bottom out. 
Release weight of assembly, and torque expan- 
sion nuts to 350 435 in-Ib. 


i. Install strut (7) attaching hardware. 
Lubricate (Method 2) pins with gear grease 
(MIL-~G-23827). Torque nuts to 35 +5 in-Jb. 
Safetywire nuts to head of pins. 


j. Remeve handling equipment and install 
4 Gimbal £.:aring Locks G4059. 


k. Lubricate (Method A) bolts (4) with 
lubricant grease RBO140-012 (Rocketdyne). 
Lubricate (Method R) aeals (5) with fluorinated 
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oi] Krytox 143AZ (Du Pont) or lubricant grease 
RBO140-012 (Rocketdyne). Install seals and 
bolts in inner row of holes. 


1, Lubricate (Method A) bolts (1) and 
lubricate (Method F) flat sides of washers (2) 
with lubricant grease RB0O140-012 (Rocketdyne). 
Install bolts and washers in the dome flange 
holes as indicated: 


(1) Bolts 201599-5; holes numbered 11 
and 41, 


(2) Bolts 201599-3; holes numbered 21, 
31, 37, and 58. 


{3) Bolts 201509; remaining flange holes 
except those with pins installed. 


m. ‘Tighten sufficient bolts (1, 4) ta main- 
tain assembly in position. Remove alinement 
pins and install applicable bolt and washer 
combination. 


n. Cross-torque bolts (4) to one-third final 
torque, in sequence indicated by numbers 
stamned in oxidizer dome. Repeat lorque 
sequence in one-third increments following 
numerical sequence of numbers stamped in 
dome until volts (1) are torqued to 425 +25 ft-ib 
and bolis (4) are torqued to 685 +35 ft-lb. 
Repeat torque Sequence, as required, until all 
bolts have reached specified torque; then, 
following same torque sequence, back off first 
but (1) one-half turn and torque it to 335 +15 
ft-lb. Repeat foc each bolt (1), Cafetywirve bolts (1), 


0. lubricate (Method A) plugs (3) with lubri- 
cant grease RBO140-012 (Rocketdyne). Install 
plugs and torque to 105 +5 ft-lb. Safetywire 


plugs. 


p. Aline gimbal bearing as outlined in 
paragraph 3-256. 


q. Install associated engine equipment as 
outlined in paragraph 3-264. 


3-283. OXIDIZER DOME AND THRUST 
CHAMBER INJECTOR. 


3-284, This procedure removes and installs 
the oxidizer dome and thrust chamber injector 
as an assembly when the gimbal bearing is nat 
installed. Replacement of the oxidizer dome 
does not affect engine calibration. Replacement 
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of the injector affects engine calibration, 


Equipment required consists of adapter 9024906, 


Support 9024929, and fixture 9024912 trom 
Component Handling Fixture Set G4068 and 
alinement pins T-5039454. (See figure 3-80 
for handling equipment. ) 


§-285. REMOVING OXIDIZER DOME AND 
THRUST CHAMBER INJECTOR. (See figure 
3-79.) Specified lubricating procedures 
(methods) are outlined in section I. 


WARNING 


Component Handling Fixture Set 
G4068 must be operated by author- 
ized personnal trained in the use 
of the equipment. 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I. 


b. Remove associated engine equipment as 
outlined in paragraph 3-263. 


c. Install adapter 9024906 on oxidizer dome. 
(See figure 3-80.) Torque bolts to 600 in-1b 
ininimum. 


d. Attach fixture 9024912 to adapter. 


e, Remove bolts (1, figure 3-79) and 
washers (2). Remove plugs (3) and slightly 
loosen bolts (4). 


f. Disconnect strut (7). 


fA. Install 2 guide pins T~5029611 in outer 
dome boltholes directly opposite from each 
other. 


CAUTION 


The assembly weighs approximately 
2, 800 pounds. 


® The thrust chamber injector must 
not be set on the injector baffles. 
Damage to the baffles or clogging 
of orifice may result. 


g. Carefully hoist oxidizer dome (6) and 
injector (9) until strut (7) can be removed; then 
raise assembly, remove seals (10, 11), and 
place assembly on a clean, prepared surface 
with support against injector face or flange, 
Material used must not damage injector surface. 
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h. Remove bolts (4) and seals (5); litt 
oxidizer dome from injector and remove 
gasket (8). 


i, Remove guide pins and handling equipment, 
NOTE 


Handling the injector in a flat posi- 
tion requires adapter 9024909 and 
fixture 9024912. Adapter bolts must 
be torqued to 500 in-lb minimum. 


j. Lubricate (Method A) oxidizer dome 
inlet closure faSteners with lubricant grease 
RBO0140-012 (Rocketdyne). 


3-286, INSTALLING OXIDIZER DOME AND 
THRUST CHAMBER INJECTOR. (See figure 
3-79.) Lubricants used in this procedure must 
be applied using specified lubricating procedures 
(methods) outlined in section I, 


WARNING 


Component Handling Fixture Set 
G4088 must he operated by author- 
ized personnel trained in the use 
af the equipment. 


a, Observe safety, and contamination and 
damage prevention requirements outlined in 
section I, 


b. Install adapter 9024906 on oxidizer dome. 
(See figure 3-80.) Torque bolts to 600 in-Ib 
minimum, 


c, Attach fixture 9024912 to adapter, 
CAUTION 


The oxidizer dome weighs approxi- 
mately 1,600 pounds, 


d. Install pasket (8, figure 3-79) on injector 
(9) and carefully lower oxidizer dome on injec- 
tor. Make sure that dome and injector indexing 
holes are alined. The index holes are located 
between the boltholes on centerline of the 
oxidizer dome inlets, 


e. Lubricate (Method A) bolts (4) with lubri- 
cant grease RBO140-012 (Rocketdyne). Lubri- 
ci’e (Method R) seals (5) with fluorinated oil 
Krytox 143A2 (Du Pont) or lubricant crease 
RB0140-012 (Rocketdyne). Install seals and 
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bolts in inner row of holes in dome, and torque 
bolts (4), in sequence Indicated by numbers 
stamped in oxidizer dome, to one-third of final 
torque. Final torque is 685 435 ft-Ib. 


f. Install seat (11) in thrust chamber. 
CAUTION 


The assembly weighs approximately 
2, 600 pounds. 


g. Lift assembly, lubricate (Methud K) seal 
(10) with FS1281 grease (Dow Corning Corp), 
and install seal on injector. 


h. Aline assembly with index pins on thrust 
chamber and, as assembly is lowered, install 
strut (7) and temporarily secure strut at inter- 
face panel. Support niost of assembly weight 
with crane until alinement pins are installed. 


i, Obtain numbers of 2 boltholes used for 
alinement from Rigid-Duct Spacer Dimensions 
form in Engine Log Book. 


j. Using 2 alinement pins T-5039454, back 
off expansion nuts of pins; then back off bolts (4). 


k. Using a suitable flat washer under the 
expansion units, install alinement pins in appli- 
cabie holes until pins battom out. Release 
weight of assembly and torque expansion nuts 
to 350 435 in-Ib. 


1. Install strut (7) attachirg hardware. 
Lubricate (Method Z) pins ‘vith gear grease 
(MIL-G- 23827). Torque rats to 35 +5 in-Ib. 
Safetywire nuts to heads vf pins, 


m. Remove handling equipment. 


n. Lubricate (Method A) bolts (1) and lubri- 
cate (Method F) flat sides of washers (2) with 
lubricant grease RB0140--012 (Rocketdyne). 
Install bolts and washers in dome flange holes 
as indicated: 


(1) Bolts 261599-5; holes numbered 11 
and 41. 


(2) Bolts 201599-3; holes numbered 21, 
31, 37, and 58. 


(3) Bolts 201599; remaining flange holes 
except those with pins Installed, 
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a. Tighten sufficient bolts (1, 4) to maintain 
asSembijy in position, Rernove alinement pins 
and install applicable bolt and washer com- 
bination, 


p. Cross-torque bolts (4) to one-third final 
torque, in sequence indicated by numbers 
stamped in oxidizer dome. Repeat torque 
sequence in one-third increments following 
numerical sequence of numbers stamped in 
dome until bolts (1) are torqued to 425 425 ft-1b 
and bolts (4) are torqued to 685 435 ft-lb. Repeat 
torque sequence, a8 required, until al] bolts 
have reached specified torque; then, following 
same torque sequence, back off first bolt (1) 
one-half turn and torque it to 335 :15 ft-lb. 
Repeat for each holt (1). Safetywire bolts (1). 


q. Lubricate (Method A) plugs (3) with 
lubricant grease RBO140-012 (Rocketdyne). 
Install plugs a.d torque to 105 +5 ft- ib. 
Safetywire plugs. 


r, Install gimbal bearing as outlined in 
paragraph 3-255. 


8. Install associated engine equipment as 
outlined in paragraph 3-264. 


3-287, OXIDIZER DOME 


3-288. This procedure removes and installs 
the oxidizer dome when the gimbal bearing is 
not installed. Replacement of the oxidizer 
dome does not affect engine calibration. Equip- 
ment required consists of adapter 9024906 and 
fixture 9024912 from Component Handling Fix- 
{ure Set G4068, and alinement ping T- 5039454. 
(See figure 3-80 for handling equipment. } 


3-289. REMOVING OXIDIZER DOME. (Sec 
figure 3-79.) Specified lubricating procedures 
(methods) are outlined in section I. 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I, 


b. Remove associated engine equipment as 
outlined in paragraph 3-263. 


c. Install adapter 9024906 on oxidizer dome. 
(See figure 3-89.) Torque bolts to 600 in-lb 
minimum. 

d. Attach fixture 9024932 to adapter. 
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e, Remove bolts (1, figure 3-79), washers 
(2), plug (3), bolts (4), and seals (5). 
f. Disconnect strut (7). 
CAUTION 


The oxidizer dome weighs approxi- 
mately 1, 600 pounds. 


g. Carefully hoist oxidizer dome (6) until 
strut (7) can be removed; then raise assemoly, 
and place ona clean, prepared surface. 

h. Remove gasket (8). 


i. Remove handling equipment. 


j. Lubricate (Method A) oxidizer dome inlet 
closure and oxidizer dame to injector joint clo- 


sure fasteners with lubricant grease RB0140-012 


(Rocketdyne), 


3-290, INSTALLING OXIDIZER DOME. (See 
figure 3-79.) Specified lubricating procedures 
(methods) are outlined in section 1. 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I. 


b. Install adapter 9024806 on oxidizer dome. 
(See figure 3-80.) Torque bolts to 600 in-th 
minimum. 


c. Attach fixture 9024912 to adapter. 
d. Install gasket (8, figure 3-79) on injector. 
CAUTION 


The oxidizer dome weighs approxi- 
mately 1,600 pounds. 


e, Lift oxidizer dome and aline with index 
pins on thrust chamber. As assembly is low- 
ered, install strut (7) and temporarily secure 
strut at interface panel. Support most of 
assembly weight with crane until alinecment pins 
are installed. 


f. Obtain numbers of 2 boltholes used for 
alinement from Rigid-Duct Spacer Dimensions 
form in Engine Log Book. 
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g. Using 2 alinement pins T-5039454, back 
off expansion nuts of pins and, using a suitable 
flat washer under the expansion nuts, install 
alinement pins in applicable holes until pins 
bottom out. Release weight of assembly and 
torque expansion nuts to 350 435 in-?b. 


h. Install strut (7) attaching hardware. 
Lubricate (Method Z} pins with gear grease 
(MIL-G- 23827). Torque nuts to 35 35 in-lb. 
Safetywire nuts to head of pins. 


i. Remove handling equipment. 


j. Iaubricate (Method A) bolts (4) with lubri- 
cant greage RBO140-012 (Rocketdyne). Lubri- 
cate (Method R) seals (5) with fluorinated oil 
Krytox 143AZ (Du Pont) or lubricant grease 
RBO140-012 (Rocketdyne). Install seals and 
bolts in inner row of holes. 


. Lubricate (Method A) bolts (1) and lubri- 
cate (Method F) flat sides ot washers (2) with 
lubricant grease RB0140-012 (Rocketdyne). 
Install bolts and washers in dome flange holes 
as indicated: 


(1) Bolts 201599-5; holes numbered 11 
and 41, 


(2) Bolts 201599-3; holes numbered 21, 
31, 37, and 58, 


(3) Bolts 201599; remaining flange holes 
except those with pins installed. 


l. Tighten sufficient bolts (1, 4) to maintain 
assembly in position. Remove alinement pins 
and install applicable bolt and washer 
combination, 


m. Cross-torque bolts (4) to one-third final 
torque, in sequence indicated by numbers 
stamped in oxidizer dome. Repeal torque 
sequence in one-third increments following 
numerical sequence of numbers stamped in dome 
untit bolts (1) are torqued to 425 +25 ft-Ib and 
bolts (4) are torqued to 686 +35 ft-lb. Repeat 
torque sequence, as required, until all bolts 
have reached specified torque; then, following 
same torque sequence, back off first bolt (1) 
one-haJf turn and torque it to 335 +15 ft-tb. 

tepeat for each bolt (1). Safetywire bolts (1). 


n. Lubricate (Method A) plugs (3) with lubricant f 


grease RB0140-012 (Rocketdyne). Install plugs 
and torque to 105 45 ft-lb, Safetywire plugs. 
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o. Install gimbal bearing as outlined in 
paragraph 3-255. 


p. Install associated engine equipment as 
outlined in paragraph 3-264, 


3-291. THRUST CHAMBER INJECTOR. 


3-292. This procedure removes andl installs 
the thrust chamber injector as an assembly 
when the oxidizer dome is not installed, 
Replacement of the injector affects engine 
calibration. Equipment required consists 

of adapter 9024909 and fixture 9024912 from 
Component Handling Fixture Set G4068 and 
alinement pins T-5039454. (See figure 3-90 
for handling equipment. ) 


3-293. REMOVING THRUST CHAMBER 
INJECTOR. (See figure 3-79. ) 


WARNING 


Component Handling Fixture Set 
G4068 must he operated by author- 
ized personnel trained in the use 
of the equipment. 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I. 


b. Install adapter 9024909 on injector. 
(See figure 3-80.) Torque bolts to 500 in-lb 
minimum. 


ce. Attach fixture 9024912 to adapter. 
CAUTION 


The injector weighs approximately 
1, 200 pounds. 


@ The thrust chamber injector must 
not be set on the injector baffles. 
Damage to the baffles or clogging 
of orifices may result. 


d. Carefully hoist assembly, remove seals 
(10, 11, figure 3-79), and place assembly on a 
clean, prepared surface with support against 
injector face or flange. Support material 
must not damage injector surfaces, 


e. Remove handling equipment. 
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3-294. INSTALLING THRUST CHAMBER 
INJECTOR, (See figure 3-79. ) 


WARNING 


Component Handling Fixture Set 
G4068 must be operated by author- 
ized personnel trained in the use of 
the equipinent. 


NOTE 


The injector may be installed in con- 
junction with procedures outlined in 
paragraph 3-275 or 3-283, 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section I, 


b. Install adapter 9024909 on injector (9, 
figure 3-78), (See figure 3-80.) Torque bolts 
to 400 in-lb minimum. 


e,. Attach fixture 3024912 to adapter. 


d. Install seal (11, figure 3-78) in thrust 
chamber. 


CAUTION 


The injector weighs approximately 
1, 200 pounds. 


e. Lift injector assembly and using Method K 
outlined in section T, lubricate seal (10) with 
F81281 grease (Dow Corning Corp), and install 
seal on injector. 


f. Aline assembly with index pins on thrust 
chamber as assembly is lowered. Support 
most of assembly weight with crane until 
alinement pins are installed, 


g. Obtain numbers of 2 bolthcies used for 
alinement frora Rigid-Duct Spacer Dimensions 
form in Engine Log Book. 


h. Using 2 alinement pins T-5039454, back 
off expansion nuts of pins. 
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i, Using a suitable flat washer under the 
expansion nuta, install alinement pins in 
applicable holes until pins bottom out. 
Release weight of assembly and torque 
expansion nuts to 350 +35 in-lb. Remove 
alinement ping and handling equipment. 


3.295. NO. 1 FUEL INLET ELBOW. (See 
figure 3-81. ) 


3-296. Equipment required consists of 
adapter 9024436 and fixture 9024923-11 from 
Component Handling Fixture Set G4068. (See 
figure 3-82 for handling equipment. ) 


WARNING 
Component Handling Fixture Set 
G4068 must be operated by author- 


ized personnel trained in the use 
of the equipment. 
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NO. ft FUEL INIL.T 
ELBOW 


F4-3-1-98 


Figure 3-81. No, 1 Fuel Inlet Elbow (Sheet 1 of 2) 
3-205 
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Paragraph 3-297 Volume I 
1 Plug 9 Ring 17 Support 25 Tubela) i 
2 Transducer 10 Gasket 19 Spacer 26 Seal (a) s 
3 Orifice plate 12 Bracket 12 Bracket 27 Bracket @) 
4 Bracket 12 Support 20 Bracket (a) 28 §©Tubela) 
5 Tube 13 Support 21 Bracket @) 29 = Seat fa) 
8 Seal 14 Panel 22 Bracket 4) 30 Support a) 
7 Elbow 16 Spacer 23 Bolt a1 Bluck 
8 Nut 16 Rod 24 Tuhe a) 32 = Elbow 


33 Seal 


(a) Engines incorporating MD150 or MD151 change 


Figure 3-81, No, 1 Fuel Inlet Elbow (Shret 2 of 2) 
b. Remove the itoNowing thermal insulation 


bracketry, and retain attaching hardware: 
(Refer to R-3896-6 for part locations. } 


(1) Weleted) i 
(2) Support bow 145499 
(3) Frame 145498 


c. WW installed, remove boot from between 
elbow and interface panel. 


d. Disconnect plug (1) as outlined in paragraph. 
3-16. ‘. 


e. Remove transducer (2) by disconnecting 
adapter and removing orifice plate (3), 


f. Tisconnect bracket (4) from bolthead, and 
remove tube (5) and seals (6). If elbow will be 
replaced, remove elbow (7), nut (8), ring (9), 
and gasket (10). 


$+ Disconnect bracket (11) and supports 
(12, 13) from elbow, 


Fi-3-1-14 h. Remove 2 flange bolts and remove panel 
(14) and spacers (15). 
Figure 3-82. Handling Fucl Inlet Elbows i, Remove rods (16). Do not disturb turn- 


3-297. REMOVING NO. 1 FUEL INLET buckle positions. 


ELBOW. (See figure 3-81, ) j. Remove 2 flange bolts and remove support 


a. Observe safety, and contamination and (17) and spacers (18), 
damage prevention requirements outlined in k. Disronneet bracket (19). 
section 1. 
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NOTE 3-296. INSTALLING NO. 1 FUEL. INLET 
ELBOW. (See figure 3-81.) The lubricant used 


Steps | through o apply to emtines 
incorporating MDA50 or MDI51 
change, 


l. Disconnect brackets (20, 21, 22), Re- 
instal) bolts (23) and torque te 260-350 in-lb., 


m. Disconnect tube (24) from tube (25) and 
elbow at duct. Remove tube (24) and seals (26). 


n. Disconnect bracket (27), tuhe (28), and 


remove seal (29), 
0. Remove support (30). 
CAUTION 
The interface panel must be sup- 
ported if the struts and attachment 
at the No. 2 fuel inlet cibow are 
chsconnected, 
p. Piseconreet block (31) from elbow flance, 
q. If same clbow is to be reinstalled, mark 
across elbow and turbopump flanges 3 places 
approximately 90 degrees apart. with one mark 
located at lower flange area. 


r. Remove elbow flange bolts except for 
sufficient bolts to hold elbow in place, 


s. Install adapter 9024436 on elbow. (Seo 
figure 3-82. } 


t. Attach fixture 9024923-11 to adapter. 
CAUTION 
Allowing seal (83, figure 3-81) to 
fall during elbow removal may dam- 
age engine equipment, 

u. Support elbow (32), remove remaining 
flange bolts and seai (33), then remove elbow 
(32). 

CAUTION 


The fuel inlet elbow weighs approxi- 
mately 86 pounds. 


v. Remove fixture, then adapter. 


in (his procedure is lubricant grease 
RBO140-012 (Ruckeidyne). Specified lubricating 
procedures (methods) are outlined in section I. 


a. Observe safety, and contamination and 
damage prevention requirements cutlined in 
section I. 


b. Install adapter 9024436 on elbow andattach 
fixture 9024923-11 on adapter. (See figure 3-82.) 


CAUTION 


The fuel inlet elbow weighs approxi- 
mately 86 pounds. 


c. Hoist elbow (82, figure 3-81) into position 
and aline wilh turbopump iniet. 


d. Install seal (33) and secure elbow and seal 
to turbopump. De not install fasteners in flange 
holes at locations for panel (14) and support (17). 
If same elbow is reinstalled, aline marks on 
flanges before lightening flange fasteners. If 
elbow is a replacement, aline interface of elbow 
using procedure outlined in paragraph 3-307. 
Make sure washers are installed with chamfered 
Side against boltheads: then tighten sufficient 
flange fastencrs to maintain elbow in alined 
position. Remove fixture and adapter. 


e. Install support (17) and spacers (18): panel 
(14) and spacers (15). Cross-torque all flange 
fasteners to 470 :10 in-lb using torque method 
outlined in section I. Safetyware bolts not 
securcd with nuts. 


f. Attach block (31) to elbow. Cross-torque 
bolts to 800 :30 in-lb. Safetywire bolts. 


NOTE 


Steps g¢ through k apply to engines 
incorporating MDI50 or MDI51 
change. 


g. Instail support (30), Torque bolts ta 
18-22 in-ib. Safetywire bolts, 


h. Lubricate (Method G) tube (28). Install 
tube (28) with seals (29), Attach bracket (27); 
then torque coupling nuts to 160 +10 in- Ib. 
Torque fastener for bracket (27) to 18-22 in-ib, 
Safetywire coupling nuts, 
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Section Il 
Paragraphs 3-299 tu 9-301 


i. Lubricate (Method G! tube (24), Remove 
bolts (23) and install tube (24) with seals (26). 
Aline brackets (20, 21, 22) and torque tube 
coupling nuts to 160-10 in-ib. Hold union 
attached to tube (25) during torquing. Safety- 
Wire coupling nuts. 


j. Secure brackets (22), using bolts (23), 
Torque bolts to 260-320 in-lb. 


k, Secure brackets (20. 21), Torque 
fastener for bracket (20) to 17-27 in-1b, 
Torque fastener for bracket (21) tu 30-40 in-lb. 


l. Attach bracket (19), Torque bolt to 
30 -S in-lb. Safelywire bolt, 


m. Install rads (16+. Torque nuts to 
150 10 inm-ib. 


n. Install supports (12. 13). Torque bolts vo 
70-5 in-th. Safetywire bolts, 


o. Install bracket (11). Torque bolt to 
20 -5 in-lb. Safetywire bolt, 


p. If elbow (7), nut (8). ring (9), and gasket 
(10) were removed, lubricate {Method J) gasket 
and ring. Lubricate (Method A) elbow. Instatl 
elbow. and aline elbow for tube (5), Torque 
nut to 75-100 in-th, Safctywire nut, 


q. Lubricate (Method G} tube (5). Install 
tube (5) with seals (6) Alme bracket {4) and 
tarque tube coupling nets to 160-10 m-lb, 
Torque bracket to 19-25 in-Th. Saletyware 
coupling nuts and bolt, 


r. Install orifice plate (3) and adapter of 
transducer (2). Cross-torque bolts to 45 5 
min-1lb, Safetywire bulls and jnstull an aluminum 
seal on lockwire. 


Ss. Install plug (1) as ouilined in paragraph 
3-17, . 


t. Ifapplicable, install boot between fuel 
inlet elbow and interface panel. Torque 
fasteners to 20 :2 in-lb. 


u, Reinstall and aline thermal insulation 
components listed in paragraph 3-297, using 
procedures as outhned in R-3896-6, 


v. Refer to section FV for post-miaintenanec 
test requirements, 
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3-299, NO. 2 FUEL INLET ELBOW (EN- 
GINES [INCORPORATING MD96 CHANGE), 
3-300, Equipment required consists of adapter 
9024436 and fixture 9024923-11 from Component 
Handling Fixture Set 64068. (See figure 3-82 
for handling equipment. ) 


3-301, REMOVING NO, 2 FUEL INLET 
ELBOW (ENGINES INCORPORATING MD96 
CHANGE). (See figure 3-83.) 


a. Observe safety, and contamination and 
damage prevention requirenients outlined in 
section |, 


b. Rentove the following thermal insulation 
bracketry and retain attache hardware, 
(Refer to R-3896-6 for part locations, ) 


(1) (Deleted) 
(2) Support bow 145498. 
(3) Frame 145497. 


c. If installed, remove boot from between 
elbow and interface panel. 


d. Disconnect receptacles J18 and J20 of 
harness (1) from interface panel. 


e. Disconnect support (2) and bracket (3), 
and remove spacey (4). Leave support and 
bracket attached tu harness, 


f. Diseonnect harness clamping at support 
(5). Leave clamping attached to harness, then 
remove support (5). 


g. Remove cap (6) and pad (7). 


gA. Reniove 4 thermal insulation support 
caps (7A). 4 pads (7B), and stiffener (7C). 


h. Remove hose (8) and seats (9, 10). 
i. Disconnect hose (Ll) and remove seal {12}, 


j. Disconnect bracket (13) from bolthead and 
remove tube (l4} and seals (15), If elbow will 
be replaced. remove union (16) and gasket (17), 

k. Remove support (18), 

CAUTION 
The interiace panel] must be supported 


if tho struts and attachment at the No, | 
fuel inlet elbow are disconnected. 


1, Disconnect block (19) from elbow Oange, 
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Figure 3-83. No. 2 Fuel Inlet Elbow (Engines Incorporating MD96 Change) (Sheet 2 of 2) 


m. If same elbow is te be reinstalled, mark 
across clhow and turbopump flanges 3 places 
approximately 99 degrees apart wiih one mark 
lucated at lower flange area. 


n. Remove elbow flange bolts except for 
sufficient bolts to hold elbow in place. 


o. Install adapter 9024436 on elbow (see 
figure 3-82. ) 


p. Attach fixture to adupter. 
CAUTION 


Allowing seal (21, figure 3-83) to 
fall during elbow removal may dam- 
age engine equipment. 


q. Support elbow, remove remaining flange 
bolts and seal (21); then rernove elhow (20Q). 


CAUTION 


The fuel tnlet elbow weighs approxi- 
mately 86 pounds. 


r. Remove fixture, then adapter. 


2-302. INSTALLING NO. 2 FUEL INLET 
ELBOW (ENGINES INCORPORATING MD96 
CHANGE). (See figure 3-83.) The lubricant 
used in this procedure is lubricant grease 
RBO140-012 (Rocketdyne). Specified lubricating 
procedures (inethods) are outlined in section J. 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section EI. 


b. Install adapter 9024436 on elbow and 
attach fixture 9024923-11 to adapter. (See 
figure 3-82, ) 

CAUTION 
The fuel inlet elbow weighs approxi- 
mately 86 pounds. 


c. Hoist elbow (20, figure 3-83) into position 
and aline with turbopump inlet. 


d. Install seal (21) and secure elbow and 
seal to turbopump. Make sure washers are 
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installed with chamfered side against bultheads. 
If same elbow is reinstalled, aline marks on 
flanges before tightening flange fasteners. If 
elbow is a replacement, aline interface of 
elbow, using procedure outlined in paragraph 
3-307. Tighten sufficient flange fasteners to 
maintain elbow in alined position. 


e. Remove fixture and adapter, and cross- 
torque flange fasteners to 470 +10 in-Ib using 
torque method outlined in section I. Safetywire 
bolts not secured with nuts. 


f. Attach block (19) to elbow flange. Cross- 
torque bolis to 800 430 in-lb. Safetywire bolts. 


g. Install support (18). Torque bolts to 
18-22 in-lb. Safetywire bolts. 


h. Wf gasket (17) and union (16) were removed, 
lubricate (Method J) gasket (17). Lubricate 
(Method A)union (18), Install gasket and union, 
and torque union to 55-80 in- tb. 


i. Lubricate (Method G) tube (414), and install 
tube with seats (15). Aline bracket (13), apply 
countertorque to unions, and torque tube coupling 
nuts to 160 210 in-lb. Safetywire tube coupling 
nuts and untons. 


j. Attach bracket (13). 
18-22 in-]b. 


k, Install hose (11) and seal (12). Cross- 
torque bolts to 25 12 in-lb. Safetywire bolts, 


NOTE 


Tf hose (11) was removed, il must be 
routed between the turbopurnp strut 
and the wire group that paraileis the 
strut when reinstalled. Hose bend 
radii for installation is 1,50 inches 
minimum, Braid bulge must not ex- 
tend beyond the hex flat dimension of 
braid retaining collar. 


1, Install hose (8) and seals (9, 10). Cross- 
torque bolts at valve end flange to 185 25 in-o, 
Do not tighten bolts at elbow flange. 


Torque screw to 
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m. Install support (5). Torque bolts to 
4535 in-lb, Satfetywire bolts. 


n. Install spacer (4) and bracket (3) at elbow 
flange of hose (8) and cross-torque bolts to 
180 410 in-lb, Safetywire bolts at both flanges. 


eo. install pad (7) and cap (6). 
to 30 42 in-Ib. 


oA. Reinstall thermal insulation stiffener 
(7C), pads (7B), and caps (7A). Make sure 
pads are installed between caps and hose. 
Torque nuts to 2733 in-lb. 


Torque nuts 


p. Position receptacles J18 and J20 of 
harness (1) in interface panel, and install sup- 
port (2), Torque bolt to 4545 jn-lb. Safety- 
wire bolt. 


q. Secure receptacles tu interface panel. 
Cross-torque nuts to 70 +5 in-lb. 


r. Attach harness clamping to support (5). 


s. applicable, install boot betwecn fuel 
inlet elbow and interface panel. Torque fas- 
teners to 20 +2 in-lb. 


t. Reinstall and aline thermal insulation 
components listed in paragraph 3-301, using 
procedures outlined in R-3896-6. 


u. Refer to section [¥ for post- maintenance 
test requirements. 


3-303, NO. 2 FUEL INLET ELBOW (ENGINES 


NOT INCORPORATING MIG CHANGE). 


3-304, Equipment required consists of adapter 
9024436 and fixture 9024923-11 fram Component 
Handling Fixture Set G4068. (See figure 3-82 
for handling equipment. ) 
3+308. REMOVING NO. 2 FUEL INLET 
ELBOW (ENGINES NOT INCORPORATING 
MD96 CHANGE). (See figure 3-84. ) 

a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section J. 


b, Remove the following thermal insulation 
Dracketry and retain attaching hardware: 
(Refer to R-3896-6 for part location. ) 

{1) Stiffener 145408. 
(2) Support bow 145499, 


(3) Frame 145497, 


Section TI 
Paragraphs 3-303 to 3-305 


c. Thinstalled, remave boot from between 
elbow and interface panel, 


d. Disconnect receptacles of harnesses 
(1, 2) from interlace panel. 


¢, Diseennect support (3), 
attached to harness. 


Leave clamping 


f. Diseonnect connector P184 from trans- 
ducer (4) using procedure outlined in paragraph 
3-14, 


ge. Remove transducer (4) and seat (5). 


h. Disconnect brackel (6), and remove 
sparer (7). Leave clamping attached fo harness. 


i, Disconnect struts (8) from auxiliary 
junction hex. 


j. Disconnect support (9), and remove 
spacer (10), 


k. Disconnect connectors of harnesses (11, 
12) from auxiliary junction box as outlined in 
paragraph 3-14, and disconnect receptacle of 
harness (11) from support (13). Secure har- 
nesses clear of elbow. 


}. Disconnect clamping for harnesses (1, 2) 
from support (13). Attach elamping to installed 
position on hamnesses for reinstallation: then 
remove support (13), and secure harnesses and 
support clear of elbow, 


m. Remove cap (14) and pad (15). 
n. Remave hose (16) andl seals (17, 18), 
o. Disconnect hose (19), and remove seal 


(20), 


p. Disconnect bracket (21) from flange bolt- 
head: then remove tube (22) and seals (23), If 
elbow wil] be replaced, remove union (24) and 
gasket (25). 


gq. Remove support (26). 
CAUTION 


The interface panel mus! be supported 
if the struts and attachment at the No. 1 
fuel inlet elbow are disconnected, 


r. Disconnect block (27) from elbow flange. 
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Figure 3-84, No, 2 Fuel indet Elbow (Rugines Not Incorporating MD96 Change) (Sheet 2 of 2) 


s. H same elbow is to be reinstalled, mark 
aeross etbow and lurhopumyp tlanges 3 places 
gpysowsamately 00 derrecs apart with one mark 
located at lower flange area, 


t. Remove elbow flange bolts except for 
sufficient bolts lo hold elbow in place. 


u. Tnstall adapter 9024436 on cibow. (See 


figure 3-82, ) 
v. Alfach fixture to adapter. 
CAUTION 
Allowing seal (29, figure 3-84) to fall 
during elbow removal may damape en- 
pine equipment, 

Ww. Support elbow (28), remove remaining 

{lange bolts and seal (29), then remove elbow. 
CAUTION 
The fucl inlet elbow weighs approxi- 
mately 86 pounds. 
8-306. INSTALLING NO. 2 FUEL INLET 
NLBOW (ENGINES NOT INC.’ RPORATING 
MbD96 CHANGE). (See firme 5-84. ) 

a, Observe saicty, and contamination and 
damage prevention requirements outlined in 
section I. 

b. Install! adapter 9024436 on elbow, and 
attach fixture 9024923-11 to adapter, (See 
figure 3-82. ) 

CAUTION 


The fuel inlet elbow weighs approxi- 
mately 86 pounds. 


c. Hoist elbow (28, tigure 3-84) into position, 


and aline with turbopump inlet. 


d, Install seal (29), and seeure elbow and 
seal to turbopump. Make sure washers are 
installed with chamfered side against boltheads. 
If same elbow is reinstalled, aline marks on 
tlanyes before lightening flange fasteners. If 
elbow is a replacement, aline intexface of elbow 
using procedure outlined in paragraph 3-307 
Tighten sufficient flange fasteners to maintain 
elbow in alined position. 


e. Remove fixture and adapter. 


f. Install support (9) and spacer (10), and 
engage struls (8) in ¢levises of junction box. 
Torque fasteners for struts to 150 +10 in-ib. 
Install remaining elbow flange fasteners and 
torque fastuners fo 470 1:10 in-lb, Safetywire 
flange fasteners not secured with nals. 

gz. Attach block (27) to clbow flange. Cross- 
lorque bolts to 800 130 in-lb, 


h. Install support (26), ‘Torque bolls to 
18-22 in-lb, Safetywire bolts, 


i, If gasket (25) and union (24) were removed, 


lubricate union with lubricant grease 
RBO149-012 (Rocketdyne) using Method A out~ 
lined in section I, Install gasket (25) and union, 
apd dorgue union to 55-80 in-Jb. 


j. Lubricate tube (22) with lubricant prease 
RBOL40-012 (Rocketdyne) using Method G out- 
lined in section L. Install seals (23) and tube 
(24), Apply countertorque do unions and torque 
tube coupling nuts to 160 1:10 in-lb  Safetywire 
coupling nuts and unions, 


k, Attach bracket (21). 
18-22 in-th, 


Torque screw to 


1. tstall seal (20) and connect hose (19). 
Cross-torque bolls to 25 42 in-tb. Saletywire 
bolts, 


m, Install hose (16) and seals (17, 8). 


Cross~torque bolts at checkoul valve end of hose 
Do not torque 


io 185 45 in-lb, Safetywire bolts. 
bolts at elbow flange, 


n. Instali support (13), and install harnesses 
(1, 2), Attach harness clamping, as required, 


and torque attaching bolts for support (13) to 


4545 m-lb. Safetywire bolts. 
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o, Install spacer (7) and bracket (6). Cross- 
torque flange bolts to 180 410 in-lb. Safetywire 
bolts, 


oA, Install pad (15) and cap (14). 
nuts to 30 12 in-lb, 


p. Attach receptacle of harness (11) to 
support (13), 


Torque 


q. Attach connectors for harnesses (11, 12) 
to junction box, using procedure outlined in 
paragraph 3-15, 


r. Install seal (5) and transducer (4), Make 
sure transducer is positioned to match keyway 
for connector, Cross-torque bolts to 45 15 
in-lb, Safetywire bolts, 


s. Install reccplacles for harnesses (1, 2) 
in interface panel. Cross-torque fasteners to 
70 +5 in-lb, 


t. Install support (3). 
in-lb. Safetywire bolt. 


Torque bolt to 45 15 


u. Attach connector of harness (1) to trans« 
ducer (4), using procedure outlined in para- 
graph 3-15, 


v. If applicable, install boot between fucl 
inlet elbow and interface panel. Torque fas- 
teners to 2032 in-lb. Safetywire fasteners. 


w. Reinstall and aline thermal insulation 
components listed in paragraph 3-305, using 
procedures outlined in R-3896-6. 


x. Refer to section IV for post-maintenance 
test requirements. 


3-307. CHECKING ALINEMENT OF FUEL 
INLET ELBOWS. 


3-308. The No. land No. 2 fuel inlet elbow 
inlets and the oxidizer inlet alinements are 
checked relative to the engine interface sur- 
faces with the gimbal in the basic aline posi- 
tion. Measuring equipment used to perform 
this procedure must be accurate within 0.001 
inch. (See figure 3-85 for axis and dimensional 
locations. ) A typical engine interface location 
data recording form and an index of definitions 
of terms and symbols are included in the Engine 
Log Book. Ali results of the following steps 
must be recorded in the Engine Log Bock; all 
dimensions musl be recorded to the nearest 
0.001 inch. 


Section II] 
Paragraphs 3-307 to 3-308 


a. Measure and record distances from plane 
Xp YE along a line parallel to axis Zp to center 
of the following component inlet interface sur- 
faces. Allowable dimensions are for Z (engine) 
coordinate as follows: 


(1) Oxidizer (1), 50 40. 150 inches. 


(2) Wo. 1 fuel inlet elbow (7), 50 40. 140 
inches. 


(3) No. 2 fuel inlet elbow (9), 50 40. 140 
inches. 


b. Measure and record distances from plane 
¥eu4p along a line parallel to axis Xp to center 
of the following component inle: interface sur- 
faces. Allowable dimensions are for X (engine) 
coordinates as follows: 


(1) Oxidizer inlet (2), 0.000 40. 160 inch, 


(2) No. 1 fuel inlet elbow (6), +25. 860 
#9, 360 inches. 


(3) No. 2 fuel inlet elbow (10), -25. 860 
+0. 360 inches, 


c. Measure distances 3a, 3b, and 3d from 
plane XpZp along a line parallel to axis Y; to 
4 locations (90-degree increments) on oxidizer 
inlet interface surface. Record each distance. 


d. Using distances recorded fur 3a and 3b 
and equation 7Z yp = 185, 824 (3a + 3b), calculate 
angle "Zp. Angle must not excced 111 minutes. 
Record result, This is flange component angle 
along Z (enyine) axis. 


ec. Using distances recorded for 3c and 3d 
and equation 8°75 = 185, 824 (8c - 3d), calculate 
angle "Xp. Angle must not exceed +8 minutes. 
Record result. This is flange component angle 
along X (engine) axis. 


f. Using distances recorded for $a, 3b, 3c, 
and 3d and equation ¥Yg = 1/4 (3a + 3b +3¢ + 3a), 
calculate mean Yy distance. Mean distanc - 
must not exceed -0, 81 40.150 inch. Record 
result. This is ¥ (engine) coordinate. 


g. Measure distances Ta, Tb, Tc, and 7d 
from XZ plane along a line parallel to axis 
¥g to 4 locations (90-degree increments) on 
No. 1 fuel inlet elbow inlet interface surface. 
Record each distance. 
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Section IIT 
Paragraphs 3-309 to 3-310B 


h. Using distances recorded for Ta and 7b 
and equation Ov = 259. 453 (%a - 7b), calculate 
angle *Z. Angle must not exceed #11 minutes. 
Record resull. This is lange component angle 
along 7 (engine) axis. 


i. Using distances recorded for Te and 7d 
and equation OxE = 254.453 (7c ~ 7d), calculate 
angle "XE. Angle must not exceed +26 minutes. 
Record result. This is flange component angle 
along X (engine) axis. 


j. Using distances recorded for Ta, Tb, Te, 
and 7d and equation Yp = 1/4 (Ta + Tb + 7+ Td), 
calculate mean Ye distance. Mean distance 
must not exceed +5.16 40. 180 inches. ‘his is 
Y (engine) coordinate. 


k. Measure distances Ila, llb, tle and 
11d from plane Ap? pg along a line parallel to 
axis Yp to 4 locations (90-deyree increments) 
on the No. 2 fuel inlet elbow inlet interface 
surface. Record each distunee, 


lL Using distances recorded for lla and 11b 
and equation an = 259.463 (ila - 11b), caleu- 
late angle *Zpg. Angle must not exceed +11 
ininutes. Record result. This is flange com- 
ponent angle along Z (engine) axis. 


m. Using distances reeorded for lie and Td 
and equation OX 5 = 259.493 (lic ~ 11d), caleu- 
late angle IX ye. Angle must not exceed 426 
ninutes, Record result. This is flange com- 
ponent angle along X (engine) axis. 


nh, Using distances recorded for lla, 1b, 
We and 11d and equation Yy: = 1/4 (11a - Pb 
+ Ile +f1d), calculate mean Yp distance. 
Mean distance must not exceed +5. 160 40. 180 
inches. Kecord result. This is Y (engine) 
coordinate. 


o. Measure distance along a line parallel to 
aais YR from center of oxidizer inlet to center- 
line of oxidizer inlet bolthole farthest from 
plane XpYp. Record distance and direction 
of measurement (2 with respect to axis ZR). 


p. Using distance recorded jn step o and 
equation? = 371, 648 (4), calculate angle 7. 
Angle must not exceed +84 minutes. Record 
results. This is bolt circle torsional displace- 
ment from % (engine) axis. 
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q. Measure distance along a line parallel to 
axis Xp from center of No. 1 fuel inlet elbow to 
centerline of inlet elbow bolthole farthest fram 
plane XBYR. Reecrrd distance and direction of 
measurement (4 with respect to axis ZR). 


r. Using distance recorded in step g and 
equation 7 = §18. 906 (8), calculate angle 7. 
Angle must not eaceed +49 minutes, Record 
result. This is bolt circle torsional displace- 
ment from Z (engine) axis, 


5, Measure distance along a line paralle! to 
axis Xp from center of No. 2 fuel inlet elbow tou 
centerline of inlet elbow bolthole farthest fram 
plane Xp¥p. Record distance and direction of 
measurement (+ with respect to axis Zp). 


t. Using distance recorded in step s and 
equation 7 = 518.906 (12), calculate angle 7. 
Angle must not excecd +49 minutes. Record 
result. This is bolt cirele torsional displace- 
ment from Z (engine) axis, 


3-309, TURBOPUMP, 


3-310. Procedures for removing and installing 
ihe turbopump will be provided at a later date. 


3-310A. TURBOPUMP HEATER THERMO. 
AL. Cao 
3- 3100. 
‘THERMOSTAT. 


REMOVING TURBOPUMP HEATER 
(See figure 3-45A, ) 


a, Observe safety, and contamination and 
damage prevention requirements outlined in 
section I. 


b. Make sure electrical power source is 
turned off, 


WARNING 


Disconnecting electrical connectors 
without turning off the power source 
can cause clectrical arcing between 
connectors, resulting in serious 
injury or death to persunnel and 
damage to equipment. 


c. Remove harness support clamp and care- 
fully disconnect electrical plug P175 (1) from 
turbopump heater thermostat (2), as outlined in 
paragrarh 3-14, 
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d. Note location of keyway, then remove 
screws securing turbopump heater thermostat, 
and remove thermostat. 


3-310C. INSTALLING TURBOPUMP HEATER 
THERMCSTAT. (See figure 3-85A. } 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section J. 


b. Make sure electrical power source is 
turned off, 


WARNING 


Connexting electrical connectors 
without tuening off the power source 
ean cause electrical arcing between 
connectors, resulting in seriourn 
injury or death to personnel and 
damage to equipment. 


c. Install turbopump heater thermostat (2). 
Keyway must have same location as noted in 
removal procedure. Torque screws to 8-10 
in-lb. Safetywire screws. 


d. Connect electrical plug P175 (1) to turbo- 
pump heater thermostat, as avtlined in paragraph 
3-15. 


e. Install harness support clamp. 
nut to 8-10 in«lb. 


Torque 


f. Refer to section IV for post-maintenance 
test requirements for turbopump heater thermo- 
stat, 


3-311. FUEL IMPELLER BALANCE CAVITY 
SUPPLY TUBE. (See figure 3-86, 


3-312. REMOVING FUEL IMPELLER 
BALANCE CAVITY SUPPLY TUBE. 


a. Observe safety, and contamination and 
damage prevention procedures outlined in 
section I. 


Section TW 
Paragraphs 3-310C to 3-312 


b. Remove clamps that secure static-firing 
instrumentation transducer tube and clamps 
that secure balance cavity supply tube to 
brackets, 


c. Disconnect balance cavity supply tube and 
attaching hardware at 4-bolt flange at fuel pump 
outict volute by removing 4 bolts, 4 washers, 
and one orifice plafe. Retain crifice plate. 


d. Carefully disconnect tube at 2-bolt flange 
at fuel volute by removing 2 bolts and one pack- 
ing, making sure that packing is completely 
removed from turbopump. Install closures. 


CAUTION 


Packing damage can cause contamina- 
tion of the turbopump, 


e. Inspect to make sure that removed packing 
is intact. If any portion of packing is missing, 
contact Rocketdyne representative for dispusi- 
tion. If packing or any portion of packing is 
missing, make sure it did not drop from volute 
area before turbopump disassembly {s Initlated. 
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Figure 3-85A. Turbopump Heater 
Thermostat 
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TURBOPUMP NO. 1 
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oom 


ORIFICE PLATE 
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BALANCE CAVITY [ 
SUPPLY TUBE ——— 


\% 
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ORIFICE PLATE INSTRUMENTATION BRACKET 
TUBE 
a FUEL, VOLUTE 
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) 
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A= view AA 


FI-3-1-403 


Figure 3-86. Fuel Impeller Balance Cavity Supply ‘Tiibe 


‘3-313. INSTALLING FUEL IMPELLER CAUTION 
BALANCE CAVITY SUPPLY TUBE. 
if the tue is not installed perfectly 


a. Observe safety, and contamination and straigat into the yolute, damage to 
damage prevention procedures outlined in the packing and contumination of the 
section I. turbopump can result. 

b. Carefully Install new balance cavity (3) Curcfully install 2-bolt flange end of 
supply tube as follows: tube into fuel nump volute, keeping tube perpen- 


dicular to attaching flange on yolute, 
(1) Using lubricant grease RBO140-012 


(Rocketdyne), instal! packing in volute end of (4) Install 2 bolts in tube and fuel volute 
§ tube, Apply lubricant using Method J outlined flange. Using tool T-5039499, tighten bolis 
in section I. equally until bottom of boltheads are approx~ 


imately 1/16 inch above tube flange. 
| (2) Lightly lubricate (Method Z) fuel 
volute port with lubricant grease RB0140-012 
(Rocketdyne) where tube is to be attached. 
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(5) Inspect as large an area of packing as 
possible using : n appropriate mirror and light, 
to determine that packing is properly installed 
and that no bulges exist. If packing has any 
bulges, packing must be removed, since further 
tightening of bolts wil} cut packing. I packing 
is bulged, contact Roc tdyne representative 
for disposition. If no bulges exist, proceed to 
step c. 


ec. Connect 4-bolt flange end of tube to fuel 
volute discharge using 4 bolts, 4 washers, and 
one orifice plate with orifice plate positioned so 
that identification tg visible. Install bolts 
loosely so that tube can be rotated slightly, if 
required, 


ad. Install bracket clamps and shims. Use 
shims to position flexible part of tube so that 
tube is approximately parallel with tuel volute 
discharge flange. Do not tighten nuts. 


e. Tighten 2 bolts evenly at 2-bolt flange. 
Cross-torque bolts to 170-270 in-lb, 


f. Cross-torque bolts at 4-bolt flange to 
46-65 in-lb. 


g. Make sure that shim buildup at cach 
bracket does not deflect tube, Adjust shims, 
if required. 


h, (Deleted) 


i, Cross-torque nuts for clamps to 60 48 
in-lb, Observe tube for deflection during 
torquing. If tube is deflected, adjust shims to 
eliminate deflection. 


j Safetywire bolts at 4-bolt flange and install 
an aluminum geal on lockwire, 


k. Record and verify orifice installation in 
Engine Log Book. 


l. Refer to section IV for post-maintenance 
test requirements, 


he a 


RETURN HOSE. 


3-315. REMOVING FUEL IMPELLER BALANCE 
CAVITY RETURN HOSE, (Sce figure 3-87, ) 


a. Observe safety, and contamination and 
damage prevention procedures outlined in 
section I. 


b, Disconnect balance cavity return hose 
and attaching hardware at 4-bolt flange at fuel 
inl) y removing 4 bolts, 4 washers, and one 
orltice plate. Retain orifice plate, 
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ce. Carefully disconnect hose at 2-bolt flange 
at fuel volute by removing 2 b<¢ its and one pack- 
ing, making sure that packing is comple ely re- 
moved from turbopump. Install closures, 


CAUTION 


Packing damage can cause contamina- 
tion of the turbopuimp. 


d. Inspect to make sure that removed packing 
is intact. If any portion of packing is missing, 
contact Rocketdyne representative for disposi- 
tion, If packing or any portion of packing is 
missing, make sure it did not drop from volute 
area before turbopump disassembly Is initiated. 


3-316. INSTALLING FUEL IMPELLER BAL- 
ANCE CAVITY RETURN HOSE. (See figure 
3-87.) 


a. Observe safety, aud contamination and 
damage prevention procedures outlined in 
section I. 

CAUTION 


Bencing or twisting of the balance 
cavity return hose can result in 
darnaage to the Teflon lining, 


bh. Carefully install balance cavity return 
hose (1) as follows: 


(1) Using iubricant grease RBO140-012 
(Rocketdyne), install packing (3) in volute end of 
hose. Apply lubricant using Method J outlined 
in section I. 


om FURL INLET (NO, 2 SIDE) 


F1-3-1- 06 


1 Balance cavity return 
hose 


Figure 3-87, 


2 4-bolt flange end 
3 Packing 


Fuel Impeller Balance Cayity 
Return Hose 


( 
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(2) Lightly lubricate (Method Z) fuel 
volute port with lubricant grease RBO140-012 
(Rocketdyne) where hose is to be attached, and 
install packing in groove on end of hose. 


CAUTION 


If the hose is not installed perfectly 
straight into the volute, damage to 
the packing and contamination of the 
turbopump can result. 


(3) Carefully install 2-bolt flange end of 
hose into fuel pump volute, keeping line perpen- 
dicular to attaching flange on volute, 


(4) Install 2 bolts in hose and fuel volute 
flange. Using tool T-5039499, tighten bolts 
equally until bottom of beltheads are approxi- 
mately 1/16 inch above hose flange. 


(5) Inspect as large an area of packing as 
possible using appropriate mirror and light, to 
determine that packing is properly installed and 
that no bulges exist. If packing has any bulges, 
packing must be removed, since further tighten- 
ing of bolts will cut packing. If packing is 
bulged, contact Rocketdyne representative for 
disposition. If no bulges exist, proceed to 
substep 6. 


(6) Tighten 2 bolts evenly and torque to 
170-270 in-lb, 


c. Lubricate 4 bolts with lubricant grease 
RBO140-012 (Rocketdyne). Apply lubricant 
using Method A outlined in sectlon I, Connect 
4-bolt flanye end (2) of hose to fuel inlet using 
4 bolts, 4 washers, and one orifice plate with 
orLfice plate positioned so that identification 
plate is visible, 

d. Torque 4 bolts to 50-70 in-lb. Safetywire 
bolts and install an alurainum seal on lockwire. 


e. Record and verify orifice installation In 
orifice records of Engine Log Book, 


f. Refer to section IV for post-inaintenance 
test requirementa. 


3-316A, FU 


3-3168. REMOVING FUEL DRAIN MANIFOLD. 
(See figure 3-88.) Specified lubricating proce- 
dures (methods) are outlined in section 1 


a. Observe safety, and contamination and 
damage prevention requirements outlined in 
section [, 


b. Disconnect line (1) and remove seal (2). 
Leave bracket (3) attached to flex hose clamp. 


c. On engines not incorporating MD145 
change, disconnect tube (4), hose (7), and line 
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(9). Remove seals (5, 8, 10), On engines in- 
corporating MD145 change, disconnect hoge (7) 
and remove seal (8). 


d. Disconnect tubes (12, 13, 14). On engines 
not incorporating MID145 change, disconnect 
tube (15), 


e, Remove bolts attaching manlfold (17) to 
tooling rings, remove bushing (16), and care- 
fully remove manifold. Tubing may be deflected 
or tube clarnping loosened tc remove manifold. 
Use care to prevent bending or damaging tubing. 


f. Remove parts indexed (18 through 27 and 
31, 32) from manifold. On engines not incorpo- 
tating MD145 change, remove reducer (28) and 
gasket (29), On engines incorporating MD145 
change, remove plug (30) and gasket (29), 


g. Lubricate (Method A) closure fasteners 
with lubricant grease RBO140-012 (Rocketdyne), 


3-316C, INSTALLING FUEL DRAIN MANIFOLD, 
(See figure 3-88.) The lubricant used in this 
vrocedure is lubricant grease RB0140-012 
(Rocketdyne), Specified lubricating procedures 
(methods) are outlined in sectton I, 


NOTE 


Steps a through g install parts prior 
to installing manifold. 
a. Install seal (32) and plate (31). Torque 
bolts to 45 32 in-lb. Safetywire bolts. 


b. On engines incorporating MD145 change, 
lubricate (Mcthod J) gasket (29) and lubricate 
(Method A) plug 30). Install gasket and plug 
and torque plug to 300-500 in-1b. 


ec, On engines not incorporating MD145 
change, lubricate (Method J) gasket (29) and 
lubricate (Method A) reducer (28), Install gas- 
ketand reducer and torque reducer to 420-600 
in-lb. 


d. Lubricate (Method J) gaskets (23, 27) and 
rings (22, 26) and lubricate (Method A) clbows 
(20, 24). Install gaskets, rings, nuts (21, 25), 
and elbows, Do not torque nuts at this time. 


ce. Lubricate (Method J) gasket (19) and lubri- 
cate (Method A) reducer (18). Install gasket and 
reducer and torque reducer to 420-600 in-ib. 


f, On engines incorporating MD145 change, 
install seals (5, 10) and plates (6, 71). Torque 
hoits to 45 2 in-lb. Safetywire bolts, 
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1 Line 9 Line) 17 Mantfold 25 Nut 

2 Seal 10 Seal 18 Reducer 26 = «Ring 

3. Bracket 11 Plate(b) 19 Gasket 27 Gasket 

4 Tube() 12 Tube 20 Elbow 28 Reducer) 

5 Seal 138 Tube 21 Nut 29 Clank, 

6 Plate) 14. Tube 22 Ring 30 Plug! 

% Hose 15 Tube) 23° Gasket 31 = Plate 

8 Seal 16 Bushing 24 Elbow 32) Seal 
(a) Engines not incorporating MD145 change 
(b) Engines incorporating MD145 change 

Figure 3-88. Fuel Drain Manifold 

xg. Carefully install manifold (17) between 1, Position elbows (20, 24) for tubes (13, 14), 

tooling rings. Use care to prevent damage to Torque nuts (21, 25) to 200-250 in-lb, Safety- 


fittings and tubes. wire nuts. 


h, Install bushings (16) and secure manifold 
tc tooling rings. Torque nuts to 375 +25 in-lb. 
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i. Lubricate (Method G) fittings of tubes (12, 
change, tube (15), Cunnect tube and torque 
coupling nuts to valves as follows: 


(1) Tube (12) (engines not incorporating 
MD145 change), 270-345 in-lb 


(2) ‘Tube (13, 14), 450-525 in-Ib 


(3} Tube (15) (eagines not incorporating 
MD145 change), 450-525 in-Ib 


k, On engines not incorporating MD145 
chunge, Install seals (5, 10) and connect tube 
(4) and line (9). Torque bolts to 45 42 tn-lb. 
Safetywire bolts, 


], Install seal (8) and hose (7). Torque 
bolis to 45 12 in-lb. Safetywire bolts, 


m. Install seal (2) and line (1). Attach 
bracket (3), and torque bolts to 45 42 in-Ib. 
Safetywire bolts, 


n, Refer to section IV for post-maintenance 
test requirements. 


3-317, ENGINE VARIABLE ORIFICES. 


3-318. The orifice diameters are determined 
for each engine by engineering and calibration 
tests, The orifice identification, part number 
actual measured size, and engine serial num- 
ber are stamped on cach orifice paate or ona 
metal lag with the tag attached adjacent to the 
orifice, The orifice name, part number, size, 
anc location identification code are recorded in 
each Engine Loy Pook, When it becomes nec- 
essary to replace an orifice, the replacement 
orifice must be machined to the diameter speci- 
fied {n the Engine Log Book and identified as 
specified in section [. The orifice is identified 
with the actual measured size, which may differ 
from the Engine Log Took Record by the ma- 
chining tolerance of the orifice. Orifice diam- 
eters are not to be increased or decreased in 
size without prior approval of Rocketdyne 
Engineering. 
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3-319, THRUST CHAMBER BODY. 


3-320. Removal and reinstallation of the thrust 
chamber body does not affect engine calibration, 
Removal and replacement, however, :equires 
engine calibration, Jf a thrust chamber body is 
removed, reinstalled, or replaced, notify manu- 
facturer's representative. for requirements and 
procedures. 


3-321. THRUST CHAMBER NOZZLE EX- 
TENSION. 


3-322. Procedures for removing and installing 
the thrust chamber nozzle extension are outlined 
in R-389-11, 


BOARD DRAIN LINES, 


$-324, Procedures for removing and tastalling 
the oxidizer and nitrogen overboard drain lines 
are outHned Li R-3896-11. 


3-325, FURL OVERBOARD DRAIN LINES. 


3-326. Procedures for removing and installing 
the fuel overboard drain lines are outlined In 
R-3896-11, 


3-327, HYPERGOL CARTRIDGE, 


3-328. Procedures for removing and installing 
the hypergol carlridge are outlined in R-3896- 11, 


3-320, IGNITERS. 


3-330, Procedures for removing and installing 
the igniters are outlined in R-3896-1). 
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3-331, IGNITER HARNESS, 


3-332, Procedures for removing and installing 
the igniter harness are outlined in R-3896-11, 


3-333, INTERFACE PANEL ACCESS DOOR. 


3-334, Procedures for removing and installing 
the interface pane] access dcor are outlined in 
R-3896- 11. 


3-335, THRUST CHAMBER THROAT SECU- 
RITY CLOSURE. 


3-336. Procedures for removing and installing 
the thrust chamber throat security closure are 
outlined in R-3896-11. 


3-337, ENGINE ENVIRONMENTAL COVER. 


3-338, Procedures for removing and installing 
the engine environmental cover are outlined in 
R-3896-11, 


3-339, FUEL INLET ELBOW TO INTERFACK 


— an 2 0 a ates = eres vor owe wee 


PANEL INSULATION BOOT. 


a 


3-340, Procedures for removing and installing 
the fuel Inlet elbow to interface panel insulation 
boot are outlined in R-3896-11, 


3-341, TURBOPUMP OXIDIZER INLET, 


3-342. Procedures for removing and installing 
the turbopuimp oxidizer inlet are outlined in 
R-3896-3, Volume I. 
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SECTION IV 


POST-MAINTENANCE TEST REQUIREMENTS 


4-1. SCOPE. This section contains post- 
matntenance test requirements that will verify 
the integrity of engine systems affected by the 
removal and installation of individual engine 
components and nes. 


4- 2, DEPINING (COMPONENT set 


ete coe eewn 


PARLE IVARIIN Did, 


4-3, The component post-rmaintenance test 
requirements are based upon, and listed in the 
same sequence as, the remuval and installation 
procedures jin section IN, and are applicable for 
uninstalled and installed engines. The test 
requirements include a brief description of each 
test and a listing of the items of the system to 
be tested. The required system tests referred 
to in thin section correspond to the same test 
title that appears in the detailed leak- and 
function-test procedures in K-3896-11. The 
requirements do not include siethods, sequences, 
or limits since they are determined from sched- 
uled leak- and function-test procedures outlined 
in R-3896-11. The R-3896-3, Volume II is 
raferenced when a specific nonscheduled compo- 
nent test, such as continuity testing of electrical 
harnesses, is required, Details for determining 
the post-maintenance test requirements for 
single components or groups of components are 
outlined in paragraphs 4-4 through 4-7, Details 
for determining test requirements after partial 
removal of components and lines are outlined in 
paragraph 4-8, 


4-4, DETERMINING POST-MAINTENANCE 


TEST REQUIREMENTS FOR A SINGLE COM- 
PONENT, 


4-5. Each alngle component removed and 
installed in section MI that requires pust- 
maintenance testing has a corresponding para- 
graph for post-maintenance test requirements 
in this section. The specific items to be tested 
in each system are sted, In some instances 
the removal and installation of one component 
makes it necessary to remove and instal) other 
components; therefore, the test requirements 
for the other components are included in the 


lest requirement paragraph for the primary com- 
ponent. For example, the post- maintenance test 
requirements for the No. 1 ard No. 2 fuel high- 
pressure ducts include post«maintenance les 
requirements for the fuel high-pressure duct 
spacers and scal plates. When this situation 
exists, the user is informed in the introductory 
information provided in each camponent post- 
maintenance test requirement paragraph, Be- 
cause Single-component test requirements are 
based on the procedures in section Til, deviations 
from those procedures make it necessary for {ne 
user to determine any changes In the post- 
mainten nee test requirements. 


4-6, DET 
TEST REQUIREME) 
COMPONENTS. 
4-7. If two or more individual components are 
removed from the engine, vost-maintenance 
testing may he delayed until all components are 
installed, 


HRMINING POST -MAINTENANCH 
NTS FOR GROUPS OF 


4-8, DETERMINING POST-MAINTENANCE 


TEST REQUIREMENTS FOR MISCELLANEOUS 
REMOVAL AND INSTALLATION TASKS, 


4-9, Miscellaneous removal and installation 
tasks are defined in this section as those tasks 
that affect engine system integrity but are not 
supported by individual paragraphs for post- 
maintenance test requirements. These tasks 
consist of partially removing components or 
disconnecting various parts of engine systems, 
and then restoring these items to the required 
configuration, ‘These tasks can vary to such 

an extend that scparate paragraphs for post- 
maintenance test requirements are not practical. 
The user must determine the specific items to 
be tested by applying the system test requize- 
ments for the item to the corresponding 
component post-maintenance test requirement 
paragraph in this section or, in cases where 
there is no corresponding component paragraph, 
to the applicable system test procedure. 
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4-10, COMPONENT POST-MAINTENANCE 


WA name cee 1 tent itrmrinie 


4-11. ENGINE CONTROL HARNESSES AND 
CABLES. The engine control harnesses and 
cables post-maintenance lest requirements 
consist of the electrical function tests required 
for the components listed inthis section, 


4-12, FIIGHT INSTRUMENTATION HAR- 
NESSES AND CARLES, The flight instrumenta- 
lion harnesses and cables post-maintenance test 
requirements consist of the clectrical function 
tests required for the components listed in this 
section, 


4-13, QUICK-DISCONNECTS AND ADAPTERS. 


a, No. J and No, 2 fuel high-pressure duct 
drain quick-disconnects, No, 1 and No. 2 fuel 
inlet elbow drain quick-disconnects, enp.ne 
contro] valve supply tube drain quick-disconnect, 
checkout vaive engine return hose drain quick- 
disconnect, and gas generator ball valve fuel 
drain quick-disconnect: 

Test Required Item Tested 
Fuel feed system 
leak test. 


Quick-disconnect body to 
mounting flange or adapter 
joint, as required. 


b. No. 1 and No. 2 fuel inlet manifold drain 
quick-disconnects, No. 1 and No. 2 fuel valve 
purge quick-disconnects, hypergol manifola 
drain quick-disconnect, hypergol manifcld 
purge quick-disconnect, and ignition momtor 
valve drain quict:-disconnect: 


Quick-disconnect body to | 
mounting flange or adapter 
joint, as required, 


Thrust chamber 
pneumatic leak fest. 
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c. Actuator return line drain quick-disconnect: 


Test Required _tem Tested 
Quick-disconnect body to 
actuator return line cover 
joint. 


Hydraulic control 
system leak and 
function test, 


d, Preservative inlet quick-disconnect: 
Quick-disconnect body to 


bearing ccolant control 
valve joint. 


Pneumatic leak 
test (perform 
during turbopump 
preservation), 


4-14, FLIGHT INSTRUMENTATION PRESSURE 
TRANSDUCERS, When a flight instrumentation 
pressure transduver is replaced in the field, an 
inilial voltage checkout is required, The new 
transducer output voltage readings and the baro- 
metric pressure at the test area must be re- 
corded in the Engine Log Book in place of the 
values that were listed for the replace trans- 
ducer. The new voltage and barometric pressure 
values become a reference for use in subsequent 
voltage checkout tests of the new transducer. 


a. Oxidizer pump bearing pressure transducer 
LBla: 
Test Required item Tested 
(1) Flight 
instrumentation 


system function 
test, 


Transducer bridge cali- 
bration output voltage. 


(2) LOX pump 
geal purge leak 
and function test, 


Trancducer body to mount- 
ing flange joint. 


b. Gas generator chamber pressure transducer 
GG1d and turbine outlet pressure transducer 
TGSc: 


(1) Flight 
instrumentation 
system function 
test. 


Transducer bridge cali- 
bration output voltage. 


(2) Exhaust 
system Icak test. 


Transducer body to mount- 
ing Mange joint. 


Pages 4-2A and 4-2B Blank deleted. 
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ce. Thrust chamber combustion chamber pres- 
sure transducer CGle: 
Test Required Item Tested 
(t) Flight 
instrumentation 


system function 
test, 


Transducer bridge cali- 
bration output voltage. 


(2) Thrust 
chamber pneu- 
matic leak test. 


Transducer bony to flange 
or adapter joint, as 
required, 


d. No. 1 fuel pump inlet pressure transducer 
KF6a-1 and No, 2 fuel pump outlet pressure 
transducer PF2a-2: 


(1) Flight 
instrumentation 
system function 
test, 


Transducer bridge cali- 
bration output voltage. 


(2) Fuel feed 
system leak test. 


Transducer body to mount-~ 
ing flange or adapter joint, 
aS required. 


e. No, 2 oxidizer pump outlet pressure trans - 
ducer PO2a-2: 


(1) Flight 
instrumentation 
system function 
test. 


Transducer bridge cali- 
bration output voltage. 


Transducer body to 
instrumentation tube 
joint, 


(2) LOX feed 
system leak test, 


f, Common hydraulic return pressure trang- 
ducer NH5c: 


(1) Flight Transducer bridge cali- 
instrumentation bration output voltage. 
system function 
test. 


Transducer body to mount- 
ing flange joint. 


(2) Hydraulic 
system leak and 
function test. 
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4-15, TURBINE INLET MANIFOLD TEM- 
PERATURE TRANSDUCER (TG4a) (ENGINES 
INCORPORATING MD149 CHANGE BUT NOT 
INCORPORATING MDI76 CHANGE), 

Test Required Item Tested 
a. Flight instru- 
mentation system 
function test, 


Sensing element resistance 
at ambient conditions. 


b. Exhaust Transducer body to tur- 
system leak bine manifold mounting 
test. flange joint, 


4-16, ENVIRONMENTAL TEMPERATURE 
TRANSDUCER (CGT). 

Test Required Jtem ‘Tested 
Flight instrumen- 


tation system 
function test. 


Sensing element resistance 
at ambient conditions, 


4-17, OXIDIZER PUMP BEARING TEMPERA- 
‘TURE TRANSDUCER NO. i (LS1). 


Test Required 


Jtem Tested 


Sensing element resistance 
at ambient conditions. 


Flight instrumen- 
tation system 
function test, 


§-18, TURBOPUMP HEATER THERMOSTAT. 


Test Required Item Tested 
Flight instrumen- 
tation system 
function test. 


Thermostat pickup and 
dropout temperatures, 


4-19, PRIMARY JUNCTION BOX. The primary 
junction box post-maintenance test requirements 
consist of performing the fight instrumentation 
function test lo check voltage output of each 
flow, speed, and pressure transducer, resist- 
ance values of each temperature transducer 

and valve potentiometer. 
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4-20, OXIDIZER FLOWMETER, 


Test Required Item Tested 
a. Flight instru- Coil output voltage. 


mentation system 
function test. 


b. Heat exchanger (1) Heat exchanger 
LOX system leak check valve to oxidizer 
test. flowmeter joint. 


(2) Oxidizer flowmeter 
to heat exchanger oxidizer 
supply hose joint. 


4-21. HEAT EXCHANGER CHECK VALVE. 


Test Required Item Tested 
a, Heat exchanger Meat exchanger check 
LOX system leak valve to oxidizer Now- 
test. meter joint. 


b. Thrust chamber Heat exchanger check 
pneumatic leak test. valve to oxidizer dome 
joint, 


4-22, WRAP-AROUND DUCTS AND HOSES, 
There is no post-maintenance test requirement 
for the wrap-around ducts and hoses prior to 
engine installation into the stage. After engine 
installation into the stage, stage procedures 
must be used for joint verification, 


4-23, HEAT EXCHANGER AND TURBOPUMP 
TURBINE. 


Test Required Item Tested 
a. flixhaust system (1) Turbine outlet pres- 
leak. test, sure hose to instrumenta- 

tion tap TG5e joint. 


(2) Turbine outlet to heat 
exchanger joint. 


b. Heatexchanger (1) Helium supply duct 
hejJium system leak (heat exchanger end) to 
test (required only heal exchanger joint. 
if ducts and/or 

hoses were 

disconnected), 
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Test Required tem Tested 


(2) Helium return duct 
(heat exchanger end) to 
heat exchanger joint. 


(3) Helium supply duct 
(heat exchanger end) to 
helium bypass hose joint, 


(4) Helium return duct 
(heat exchanger end) to 
helium bypags hose joint. 


c, Heatexchanger (1) Oxidizer supply hose 
LOX system leak to heat exchanger joint. 
test (required only 


if ducts and/or (2) GOX duct (heat 
hoses were exchanger end) to heat 
disconnected}. exchanger joint, 


(3) Oxidizer supply hese 
to oxidizer bypass hose 
joint. 


(4) GOX duct (heat 
exchanger end) to oxidizer 
bypass hose joint. 


4-24, HEAT EXCHANGER AND HEAT 
EXCHANGER DUCTS AND HOSES. 


Test Required Item Tested 

a. Exhaust system (1) Turbine outlet pres- 

leak test, sure hose to instrumenta- 
tion tap TG5e joint. 


(2) Turbine outlet to heat 
exchanger joint. 


(3) Heat exchanger outlet 
to turbine exhaust manifold 
joint. 


b. Heat exchanger (1) Helium supply duct 
helium system leak (heat exchanger end) to 
test. heat exchanger joint. 


(2) Helium return duct 
(heat exchanger end) to 
heat exchanger joint. 
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Test Required 


(3) Helium supply duct 
(heat exchanger end) to 
helium bypass hose joint. 


(4) Helium return duct 
(heat exchanger end) to 
helium bypass hose joint, 


{1) Oxidizer supply hose 
to heat exchanger joint. 


c. Heat exchanger 
LOX system freak 
test. 
(2) GOX duct (heat 
exchanger end) to heat 
exchanger joint. 


(3) Oxidizer supply hose 
to oxidizer bypass hose 
joint, 


(4) GOX duct (heat 
exchanger end) to oxidizer 
bypass hose joint, 


4-25. IGNITER FUEL SUPPLY TUBE, 


a. Prepare joints of igniter fuel supply tube 

for leak test as outlined in paragraph 4-33. 
Test Required heii Tested 

(1) Igniter fuel supply 


tube to No. 1 fuel high- 
pressure duct joint. 


Fuel feed system 
leak test. 


(2) Igniter fuel supply 
tube to igniter fuel valve 
joint. 


b. Secure joints of igniter fuel supply tube as 
outlined in paragraph 4-34, 


4-26, ENGINE SUPPLY TUBE. 


a. Prepare engine supply tube for leak test as 

outlined in paragraph 4-33, 
Teast Required Item Tested 

(1) Engine supply tube 


to No, 2 fuel high- 
pressure duct joint. 


Fuel feed system 
leak test, 


Section [V 
Paragraphs 4-25 to 4-20 


Test Reguircd Item Tested 

(2) Engine supply tube to 
engine hydrau'ic supply 
check valve jcint. 


b, Secure joints of engine supply tube as out- 
lined in paragraph 4-34, 


4-27, FUEL HIGH-PRESSURE DUCT SPACERS 
AND SEAL PLATES, The fuel hith-pressure 
duct spacers and sea: plates post -maintenance 
test requirement consists of leal.-testing the 
fue] duct joints. This test is insluded in the 
No. 1 and No, 2 fuel high-pregsure duci post- 
maintenance test requirement: outlined in 
paragraphs 4-3) and 4-32. 


4-28. FUEL VALVE TO FUEL MANIFOLD 
ORIFICE PLATE. The fucl valve to fuel mani- 
fold orifice plate post-ma.ntenance test re- 
quirement consists of lenk-testing the fuel valve 
joint between the fuel veive and the fuel manifold 
inlet. This test is inc) ded in the No. 1 and 

No. 2 fuel valve post-'‘nstallation test require- 
ments outlined in parngraphs 4-37 and 4-38, 


4-29. OXIDIZER H'GH-PRESSURE DUCT 
SPACERS AND PRI.SSURE-ACTUATED SEALS, 
The oxidizer high-»ressure duct spacer and 
pressure-actuated seal post-maintenance test 
requirement consists of leak-testing the oxidizer 
duct joint, This “est is included in the No. 1 and 
No, 2 oxidizer high-pressure duct post- 
maintenance test requirements outlined in 
paragraphs 4-35 and 4-36, 


4-30, OXIDIZER VALVE TO OXIDIZER DOME 
PRESSURE-ACTUATED SFAL. The oxidizer 
valve to oxidizer dome pressure-actuated seal 
post-maintenance test requirement consists of 
leak-testing the oxidizer valve joint between 
the oxidizer valve and the cxidizer dome, This 
test is included in the No. J and No. 2 oxidizer 
valve post-maintenance test requirements out- 
lined in paragraphs 4-39 and 4-40. 
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Section IV 
Paragraphs 4-31 to 4-33 


4-31. NO, | FUEL HIGH-PRESSURE DUCT. 


a. Prepare joints of igniter fuel supply tube 
for leak test as outlined in paragraph 4-33, 
Test Required Item Tested 
(1) No. 1 fuel high- 
pressure duct to fuel 
pump outlet joint. 


Fuel feed system 
leak test, 


(2) No. 1 fuel high- 
pressure duct to No. 1 
fuel valve joint. 


(3) No. 1 fuel high- 
pressure duct to igniter 
fuel supply tube joint. 


{4) Igniter fuel supply 


tube to igniter fuel valve 


joint. 


(3) No, 1 fuel high- 
pressure duct to No. 1 
fuel high-pressure duct 
drain quick-disconnect 
joint. 


(6) No. i fuel high- 
pressure duct to gimbal 
supply plate joint. 


b. Secure joints of igniter fuel supply tube as 
outlined in paragraph 4-34, 


Thrust chamber No, 1 fuel valve to fuel 
pneumatic leak test Inlet manifold joint, 
(required only if 

fuel valve to thrust 

chamber fuel inlet 

manifold joint was 

disturbed). 


4-32. NO. 2 FUEL HIGH-PRESSURE DUCT. 


a. Prepare joints of engine supply tube for 
leak test as outlined in paragraph 4-33. 


Test Required 


Fuel feed system 
leak test. 


Item Tested 
(1) No. 2 fuel high~ 


pressure duct to fuel 
pump outlet joint. 
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Test Required Item Tested 

(2) No. 2 fuel high- 
pressure duct to No, 2 
fuel valve joint. 


(3) No. 2 fuel high- 
pressure duct to engine 
supply tube joint. 


(4) Engine supply tube to 
engine hydraulic supply 
check valve joint. 


(5) No, 2 fuel high- 
pressure duct to No, 2 
fuel bleed hose joint, 


(6) No. 2 fuel high- 
pressure duct to gas 
generator fuel duct joint, 


(7) No, 2 fuel high- 
pressure duct to No, 2 
fuel pump outlet pressure 
transducer PF2a joint. 


(8) No, 2 fuel high- 
pressure duct to No, 2 
fue] high-pressure duct 
drain quick-disconnect 
joint, 


b. Secure joints of engine supply tube as out- 
lined in paragraph 3-34, 


Thrust chamber No. 2 fuel valve to fuel 
pneumatic leak test inlet manifold joint. 
(required only if 

fuel valve to thrust 

chamber fuel Inlet 

manifold joint was 

disturbed), 


4~33. PREPARING IGNITER FUEL SUPPLY 
AND ENGINE SUPPLY TUBE JOINTS FOR 
LEAK TESTING, This procedure is performed 
only when specified in other procedures in this 
section, The flangeu joints of the igniter fuel 
supply and engine supply tubes contain eccentric 
spacers. This procedure provides a method for 
separating the metal-to-metal surfaces of the 
spacers and tube flanges to verlfy the integrity 
of the O-rings used in the joints. 
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CAUTION 


Extreme care must be taken to 
prevent loosening flange bolts more 
than one turn each. Additional loos- 
ening of bolts may allow installed 
O-rings to leave thelr grooves and 
cause O-ring damage when bolts are 
torqued, 


a. Remove lockwire and loosen bolts at each 
flange of the applicable tube a maximum of one 
turn each, 


b, Separate joint surfaces by hand and insert 
0.004-inch thick feeler gage stock at a corner, 
on both sides of eccentric spacer at each tube 
joint as shown in figure 4-1, 


NOTE 


Feeler gage stock must be moved 
toward the tube centerline until its 
edge contacts the flange bolt, 


c, With feeler gage stock retained in posi- 
tlon, cross-torque all flange bolts to torque 
value indicated for applicable tube. 


(1) Igniter fuei supply tube: 60 45 in-1b. 
(2) Engine supply tube: 85 +5 in-lb, 
d, Perform applicable leak test. 


4-34, SECURING IGNITER FUEL SUPPLY 
AND ENGINE SUPPLY TUBES. This procedure 
is performed only when specified in other pro~ 
cedures in this section, The procedure provides 
a method for securing the flanged joints of the 
igniter fuel supply and engine supply tubes after 
the applicable post-maintenance leak test, 


CAUTION 


Extreme care must be taken to 
prevent loosening flange bolis more 
than one turn each. additional loos- 
ening of bolts may allow : .stalled 
O-rings to leave their grooves and 
cause O-ring damage when bolts are 
torqued, 


Section IV 
Paragraphs 4-34 to 4-36 


a. Loosen all flange bolts of applcable tube 
a maxirou.a of one turn each. Remove all feeler 
gage stock from tube and boss joints, 


b, Cross-torque all flange bolts to torque 
vaiues indicated for applicable tube, 


(1) Igniter fuel supply tube: 60 +5 in-Ib. 
(2) Engine supply tube: 85 +5 in-Ib, 
c. Safetywire bolts. 


ae Beh eed a ee 


+ SWIVEL 
FLANGE 


ECCENTRIC 
SPACER 


FEBLER GAGE STOCK 
(0,004 IN. TICK) 


F1-3-1-152 


Figure 4-1, Preparing Igniter Fuel Supply and 
Engine Supply Tube Joints for Leak Testing 


4-35, NO. 1 OXIDIZER HIGH-PRESSURE 
pucr. 
Test Required Item ‘Tested 


a. LOX feed 
system leak test. 


(1) No. 1 oxidizer high- 
pressure duct to No, 1 
oxidizer purnp oullet joint, 


(2) No. 1 oxidizer high- 


pressure duct to No. 1 
oxidizer valve joint, 
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Section 1V 


Paragraphs 4-36 to 4-38 


Test Required 


b. Flight instru- 
mentation syste 
function test. 


ce, Thrust chamber 
pneumatic leak test 


(required only if 
oxidizer valve to 
oxidizer dome 
joint was 
disturbed). 


4-36, 
DUCT, 


Test Required 


a. LOX feed 
system leak test. 


b. Thrust chamber 
pneumalic leak test 


(required only if 
oxidizer valve to 
oxidizer dome 
joint was 
disturbed), 


R-3896-3 


tem Tested 


(3) No, 2 oxidizer pump 
outlet pressure trans- 
duccr PQ2a-2 to instru- 
mentation tube joint, 


No, 2 oxidizer pump 
outlet pressure trans- 
ducer PO2a-2 bridge 
calibration output 
voltage. 


No, 1 oxidizer valve to 
oxidizer dome joint. 


NO, 2 OXIDIZER HIGH-PRESSURE 


Jtem Tested 


(1) Mo, 2 oxidizer high- 
pressure duct to No, 2 
oxidizer pump outlet foint, 


(2) No. 2 oxidizer high. 
pressure duct to No, 2 
oxidizer valve joint. 


(3) No, 2 oxidizer high- 
pressure duct to gas 
generator oxidizer duct 
(duct end) joint. 


(4) No, 2 oxidizer pump 
outlet pressure traus- 
ducer PO2a-z instrumenta- 
tion tube to No, 2 oxidizer 
high-pressure duct foint, 


No. 2 oxidizer valve 1o 
oxidizer dome foint, 
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4-37, NO. 1 FUEL VALVE. 


Test Required 


a. Hydraulic 


control system leak 


and function test. 


b, Valve timing 
function test. 


c, Fuel feed 
system leak test 


ad, Thrust chamber 
pneumatic leak test. 


item Tested 


(1) Fuel valve to propel- 
lant valves close tube joint, 


(2) Fuel valve to No. 1 
open control tube joint, 


(3) Transducer potenti- 
ometer resistance with 
valve in close and open 
position, 


Opening and closing times. 
Fuel valve to No. 1 fuel 
high-pressure Quct joint. 


(1) Fuel vaive to fuel inlet 
manifold joint. 


(2) Fuel valve to No, 1 
fuel valve drain quick- 
disconnect joint. 


4-38. NO. 2 FUEL VALVE. 


Test Required 


a. Hydraulic 
control system 
leak and functton 
test. 


b. Valve timing 
function test. 


c. Fuel feed 
system leak test. 


dtem Tested 


(1) Fuel valve to propel- 
lant valves close tube joint. 


(2) Fuel valve to No, 2 
fuel valve open control 
tube joint, 


(3) Transducer potenti- 
umeter resistance with 
valve in close and open 
position, 


Opening and closing times, 


Fuel valve to No. 2 fuel 
high-pressure duct joint. 


Test Required 


d, Thrust chamber 
pneumatic leak test. 


4-39, 


Test Required 


a. Hydraulic 
control system 
leak and function 
test, 


h. Valve timing 
function test. 


c. LOX feed 
system leak test. 


d. Thrust chamber 
pneumatic Jeak test. 


e. LOX dome 

and gas generator 
LOX Injector purge 
leak test. 
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ltem Tested 


(1) Fuel valve to fuel 
inet manifold joint, 


(2) Fuel yalve to No. 2 
fuel valve drain quick- 
disconnect joint, 


NO. 1 OXIDIZER VALVE, 


Item Tested 


(1) Oxidizer valve to 
propellant valves close 
tube joint. 


(2) Oxidizer valve to 
propellant valves open 
tube joint. 


(3) Oxidizer valve to 
sequence valve to 
sequence valve line joint. 


(4) Oxidizer valve to 
fas generator open tube 
joint. 


{5) Transducer potenti- 
ometer resistance with 
valve in close and open 
position, 


Opening and closing times. 


Oxidizer valve to No, 1 
oxidizer high-pressure 
duct joint, 


Oxidizer valve to oxidizer 
dome joint, 


Oxidizer dome purge 
check valve to No, 1 
oxidizer valve dome 
purge tube joint. 


Section IV 
Paragraphs 4-38 to 4-41 


4-40. NO. 2 OXIDIniwkR VALVE, 


Test Required 


a. Hydraulic 
control system 
leak and function 
test. 


b. Valve timing 
function test, 


2, LOX feed 
system leak test. 


d, Thrust chamber 
pneumatic leak test. 


e, LOX dome 

and gas generator 
LOX injector purge 
jeak test, 


4-41, 


Test Required 


a. Hydraulic 
control system 
leak and function 
test, 


b. Valve timing 
function test. 
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Jtem Tested 


(1) Oxidizer valve to pro- 
pellant valves clove tube 
joint. 


(2) Oxidizer valve to pro- 
peliant valves open tube 
yoint. 


(3) Gwyidizer valve to 
1 2quence valve to 
sequence valve line joint. 


(4) Transducer potenti- 
ometer resistance with 

oxidizer valve in close 

and open position, 


Opening and closing times, 


Oxidizer valve to No. 2 
oxidizer high-pressure 
duct joint. 


Oxidizer valve to oxidizer 
dome joint. 


Oxidizer dome purge 
check valve to No, 2 
oxidizer valve dome 
purge tube joint. 


FUEL VALVE POSITION TRANSDUCER. 


Item Tested 


(1) Transducer to fuel 
valve joint. 


{2} Transducer potenti- 
ometer resistance with 

valve in open and close 

position. 


Opening and closing times, 


4-9 


Section IV 
Paragraphs 4-42 to 4-47 


4-42, OXIDIZER VALVE POSITION 
TRANSDUCER. 


Test Required Item Tested_ 
a. Hydraulic 
control system 
leak and function 
test. 


Transducer resistance 
with valve in close and 
open position. 


b. Valve timing 
function test. 


4-43, OXIDIZER DOME PURGE CHECK 
VALVE. 
Test Required Jtem Tested 


a. Thrust chamber 
pneumatic leak test, 


Oxidizer dome purge 
check valve to oxidizer 
valve joint, 


b. LOX dome 

and gas generator 
LOX injector purge 
leak test. 


Oxidizer dome purge 
check valve to oxidizer 
valve dome purge line 
joint. 


4-44, SEQUENCE VALVE. 


Test Required item Tested 
a. Oxidizer valve 
cylinder to sequance 
valve cylinder head 
joint. 


Hydraulic control 
system leak and 
function test, 


b. Cylinder heatl to cap 
joint, 


c. Tube connections at 
PRESS IN and PRESS 
OUT ports on sequence 
valve cylinder head, 


4-45. BEARING COOLANT CONTROL VALVE, 


Test Required Item ‘Tested 

(1) Bearing coolant 
control valve to No, 1 
and No. 2 bearings lube 
feed tuhe joint. 


a. Turbopump 
bearing coolant 
system leak test. 
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Opening and closing times, 
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Test Required 


b. Fuel feed 
system leak test, 


ec, Flight instru- 
mentation system 
function test. 


Item Tested 


(2) No, 1 and No, 2 
bearings lube feed tube to 
turbine bearing support 
lube feed hose joint (en- 
gines not incorporating 
MD145 change). 


(3) Bearing coolant 
control] valve to oxidizer 
pump bearing pressure 
transducer LBia joint. 


(1) Fuel yoluie lube feed 
tube to bearing coolant 
control valve jolnt. 


(3) Fuel volute lube feed 
tube turbopump joint. 


Oxidizer pump bearing 
pressure transducer L.Bla 
bridge calibration voltage 
output. 


4-46. BEARING COOLANT CONTROL VALVE 


FILTERS, 
Test Required 


Fuel feed system 
leak test. 


Item Tested 


Bearing coolant control 
valve body to caps (2 
places), 


4-47. HYPERGOL MANIFOLD, 


Test Required 


a. Hypergol 
installed switch 
function test. 


h, Hypergol 
manifold leak 
and function 
test. 


ce. Hydraulic 
control system 
leak and function 
test. 


§witeh actuation and 
deactuation, 


Hypergol manifold joints. 


(1} Ignition monitor valve 
to propellant valves open 
tube joint. 


(2) Ignition monitor valve 
to No. 1 fuel valve open 
tube joint. 


Test Required 


d. Ignition 
monitor valve 
shuttle pressure 
test, 


e. Ignition 
monitor valve 
interflow test, 


ft, Fuel feed 
system leak test, 


g. Thrust chamber 
pneumatic leak test. 


item Tested 


(3) Ignition monitor 


valve to No, 2 fuel valve 


open tube joint, 


(4) Ignition monitor 


valve to ignition monitor 
valve return line joint. 


Poppet movement. 


Poppet leakage, 


Ignite: fuel supply tube 


joints as outlined in 
paragraph 4-25, 


(1) Hypergol manifold 


to hypergol manifold 
outlet hose joint. 


(2) Ignition monitor 


valve to ignition monitor 
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4. 4 94 s 
Test Required 


a. Ignition 
monitor valve 
diaphragm leak 
tesi. 


b. Thrust chamber 
pneumatic leak test, 


c. Ignition 
monitor valve 
shuttle pressuro 
function test, 


Section IV 
Paragraphs 4-48 to 4-50 


IGNITION MONITOR VALVE CAP, 


Item Tested 


(1) Diaphragm from 
ATMOS REF port, 


(2) Cap to body joint. 


(3) Coupling to tube and 
tube to coupling joint. 


Tube to thrust chamber 
ruel manifold joint. 


Ignition moultor valve 
control port pressure 
required for valve 
actuation, 


4-50, ENGINE CONTROL VALVE. 


fest Required 


a. Hydraulic 
control system 
leak and function 
test. 


valve sense tube joint. 


(3) Ignition monitor 


valve sense tube to igni- 


tion monitor valve 


CONTROL port quick- 


disconnect joint, 


4-48, HYPERGOI MANIFOLD CARTRDIGE 


CONTAINER. 


Test Required 


Thrust chamber 
pneumatic leak test. 


4.49, 
Test Required 


Hypergol installed 
switch functiontest, 


Item Testea 


a. Hypergol manifold 


to hypergol manifoid 
cuttet hose joint. 


b. 


joint a 


HYPERGOL INSTALLED SWITCH. 


Item Tested 


Switch actuation and 
deactuation, 


Hypergol manifold 
to cartridge container 
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item Tested 


(1) Engine control valve 
start and stop solenoid 
current drain. 


(2) Engine control valve 
ground hydraulic supply 
hose to GSE hydraulic 

supply check valve joint, 


(3) Engine control valve 
to propellant valves open 
tube joint. 


(4) Engine control valve 
to propellant valves close 
tube joint, 


(5) Engine contro] valve 
to system return line joint. 


(6) Engine control valve 
to redundant shutdown valve 
supply hoge joint, 


(7) Redurdant shutdown 
valve supply hose to redun- 
dant shutdown valve. 


(8) Engine control valve 
to cover plate jolnt. 


4-11 


Section IV 


Paragraphs 4-51 to 4-55 


Test Required 


b. Valve timing 
function test, 


c. Hydraulic 
control system 
leak and function 
test, 


d. Fuel feed 
system leak test. 
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Item Tested 


Oxidizer and fuel valves 
opening and closing times. 


(1) Redundant shutdown 
valve override hose to 
engine control valve joint, 


(2) Redundant shutdown 
valve override hose to 
redundant shutdown 
valve joint, 


Engine supply tube joints 
as outlined in paragraph 
4- 26, 


4-51. ENGINE AND GSE HYDRAULIC SUPPLY 


CHECK VALVES. 
Test Requ ired 


a. Hydraulic 
control system 
leak and furiction 
test. 


> Fuel feed 
system leak test. 


Itom Tested 


(1) Engine control valve 
to GSE hydraulic supply 
check valve joint. 


(2) Check valve to engine 
control valve ground 
hydraulic supply hose 
joint. 


(3) Engine control vaive 
to engine supply check 
valve joint. 


Engine supply tube joints 
as outlined in paragraph 
4-26, 


4-52, ENGINE CONTROL VALVE FILTERS, 


Test Required 


Hydraulic control 
aystem leak and 
function test, 


Item Tested 


Cover to engine control 
valve manifold joint. 


4-53, ENGINE CONTROL VALVE COVER 
PLATE AND RETURN PLUG, 


Test Required 
Hydvauiic conirol 


system leak and 
function test, 


4-12 


Cover plate io pody joint, 
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4-54, ENGINE CONTROL VALVE STOP AND 


GUIDE, 
Test Required 
Hydraulic control 


system leak and 
function test. 


Item Tested 
a. Redundant shutdown 
valve override hose to 
engine control valve joint, 
b, Stop to guide joint, 


c, Guide to body joint, 


4-54A, FOUR-WAY SOLENOID VALVE, 


Test Required 


a. Hydraulle 
control aystem 
leak and function 
test, 


b. Valve timing 
function test, 


Jtem Tested 


(1) On uninstalled engines, 
engine control valve start 
and stop solenoid wurrent 
drain, 


(2) Engine control valve 
to system return line joint. 


(3) System return Hine to 
actuator return line joint, 


(4) Four-way solenoid 
valve to manifold foint, 


(5) Redundant shutdown 
valve hose to four-way 
solenoid valve joints, 


Oxidizer and fuel valves 
opening and closing times, 


4-55, REDUNDANT SHUTDOWN VALVE. 


Test Required 


Hydraulic control 
system leak and 
function test, 


Item Tested 
a. Solenoid current drain, 


b, Redundant shutdown 
valve to redundant shut- 
down valve supply hose 

joint, 


c. Kedundant shutdown 
valve to redundant shut- 
down valve override 
hose joint, 
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4-56. THRUST OK PRESSURE SWITCHES. 

Test Required Item Tested 
a. Thrust chamber Thrust OK pressure 
pneumatic leak test. switches to thrust chamber 
fuel inlet manifold joint. 
b. Thrust OK Switch actuation and 
pressure switch deactuation. 


function test, 


4-57. INERT PREFILL CHECK VALVE, 


Test Required Item Tested 
Thrust chamher a. Thrust chamber fuel 


pneumatic leak test. inlet manifold to inert 
prefill check valve joint, 


b. Inert prefill check 
valve to cover plate joint, 
if installed. 


4-58. CHECKOUT VALVE, 
Test Required Item Tested 


a. Checkout valve Actuator operation, 
function test, 


b. Hydraulic (1) Checkout valve to 
control system actuator return line joint, 
leak and function 

test. (2) Checkout valve to 


checkout valve ground 
return hose joint, 


c. Fuel feed Checkout valve to checkout 
system leak test. valve engine return hose 
joint. 


Section IV 
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4-59, CHECKOUT VALVE ACTUATOR. 
Test Required tem Tested 


Checkout valve 
function Lest, 


Actuator operation, 


4-60, GAS GENERATOR FUEL DUCT. 


Jest Required item Tested 

Fuel feed system a. Gas generator fuel 

leak test. feed duct to No. 2 fuel 
high-pressure duct joint. 


b, Gas generator fuel 
feed duct to gas generator 
ball vaive joint. 


4-61. GAS GENERATOR OXIDIZER DUCT 

(DUCT END), 
Test Required Item Tested 

LOX feed system a, No. 2 oxidizer high- 

leak test, pressure duct to gas 


generator oxidizer duct 
(duet end) joint. 


b. Gas generator 
oxidizer duct (duct end) 
to gas generator oxidizer 
duct (valve end) joint. 


4-62, GAS GENERATOR OXIDIZER DUCT 
(VALVE END}. 
Test Requirec litem Tested 
LOX feed system a, Gas generator ball 
leak test. valve to gas generator 


oxidizer duct (valve end) 
joint, 


b. Gas generator 
oxidizer duct (valve end) 
to gas generator oxidizer 
duct (duct end) joint. 


4.63. GAS GENERATOR BALL VALVE. 


Test Required 


ter ee Ae 


Item‘ Te sted 


a. Hydraulic 
control system leak 
and function test. 


(1) Gas generator ball 
valve to gas generator 
close tube joint, 


Section IV 
Paragraphs 4-59 io 4-64 


Required item Tested 

(2) Gas fenerator ball] 
valve to gas generator 
open tube joint, 


b. Valve timing 
function test. 


Gas generator ball valve 
opening and closing times, 


c. fuel feed 
system leak test. 


(1) Gas generator bail 
valve to gas generator fuel 
duct joint, 


(2) Gas generator ball 
valve to gas generator 
ball valve drain quick- 
disconnect joint. 


d, LOX feed 
system leak test. 


Gas generator ball valve 
and gas generator oxidizer 
duct (valve end) joint. 


e, Exhaust 
system leak test. 


(1) Gas generator ball 
valve to gas penerator 
injector joint, 


(2) Gas gencrator ball 
valve to housing tee joint. 


(3} Housing tee to gas 
generator injector joint. 


f, LOX dome 

and gas generator 

LOX injector purge 

leak and function 

test, (2) Purge check valve 
and gas generator ball 
valve. 


(1) Gas generator 
oxidizer purge tube and 
purge check valve. 


4-64, GAS GENERATOR. 


Test Required Item Tested 
a. Hydraulic 
control system 
leak and function 
test, 


(1) Gas generator ball 
valve to gas generator 
close tube joint, 


(2) Gas generator ball 
valve to gas generator 
upen tube joint. 


b. Valve timing 
function test, 


Gas generator bal] valve 
opening and closing times. 
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Section IV 
Paragraphs 4-65 to 4-72 


Test Required Item Tested 


c. Fuel feed 
system leak test, 


(1) Gas generator ball 
valve to gas generator 
feed duct joint. 


(2) Gas generator ball 
valve to gas generator 
ball valve drain quick~ 
disconnect joint. 


d, LOX feed 
system leak test. 


Gas generator ball valve 
to gas generator oxidizer 
duct (valve end) joint. 


Gas generator combustor 
to turbine manifold joint. 


e. Exhaust 
system leak test, 


{. LOX dome 

and gas generator 
LOX injector purge 
leak test. 


(1) Gas generator 
oxidizer purge tube to 
purge check valve joint. 


(2) Purge check valve 
to gas generator bail 
valve joint. 


4-65, GAS GENERATOR wALL VALVE 
POSITION SWITCH. 
Test Required Stem Tested 


Valve timing 
function test. 


Gas generator ball valve 


4-66. GAS GENERATOR OXIDIZER PURGE 
CHECK VALVE. 
Test Required Item Tested 
LOX dome and a. Gas generator 
gas generator oxidizer purge tube ard 
LOX injector purge check valve joint. 
purge leak test, 
b. Purge check valve 
and gas generator ball 
valve joint. 


4-67, ELECo'RICAL CABLE SUPPORT POST. 
There is no pust-malntenance test requirement 
for the electrical cable support post, 


4-68. INTERFACE PANEL TO OXIDIZER 
INSULATION SEAL, There ig no post- 
maintenance test requirement for the interlace 
panel to oxidizer insulation seal, 
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opening and closing times, 


R-3896-3 
Volume I 


4-69. JNTERFACE PANEL. There is no post- 
maintenance test requirement for the interface 
panel, 


4-70, GIMBAL BEARING, There is no post- 
-wdintenance test requirement for the gimbai 
bearing, 


4-71, ASSOCIATED ENGINE EQUIPMENT. 
The associated engine equipment consists of 
those items that must be removed to accomplish 
any oxidizer dome removal either singularly or 
in combination with the gimbal bearing and/or 
the thrust chamber injector, The post- 
maintenance test requirements for these items 
of hardware are included in the gimha! bearing, 
oxidizer dome, and thrust chamber injector 
pos -maintenance test requirenients outlined 

in paragraph 4-72, 


4-72, GiMBAIL BEARING, OXIDIZER DOME, 
AND THRUST CHAMBER INJECTOR. 


Test Required _Item Tested 
Thrust chamber a. No. 1 oxldizer valve 
pneumatic leak to oxidizer doie joint, 
test, 


b. No, 2 oxidizer valve 
to oxidizer dome joint. 


c. Heat exchanger check 
valve to oxidizer dume 
joint. 


d. Thrues chamber com-~- 
bustion chamber pressure 
transducer CGl1e to 
adapter joint. 


e, Adapter to injector 
joint. 


f, Oxidizer dome to 
injector joint, 


g. Inject r to thrust 
chamber body joint. 


h, Hypergol manifuld 
outlet hose to oxidizar 
dome joint. 


R~ 3896-3 


Section [V 


Volume I Paragraphs 4-73 to 4-83 
4-13. GIMBAL BEARING AND OXIDI“ZERK Test Required Tlem Tested 


DOME. The gimbal bearing and oxidizer dome 
pos, maintenance test requirements are the 
same as those outlined for the gimbal bearing, 
oxidizer dome, and thrust chamber injector 
(paragraph 4-72), 


4-14, OXIDIZER DOME AND THRUST 
CHAMBER INJECTGR. The oxidizer dome 


and thrust chamber Injector post- maintenance 


test requirements are the same av those out- 
linec' for the gimbal bearing, oxidizer dome, 
and thrust chamber injector (paragraph 4-72). 


4-75. OXIDIZER DOME. The oxidizer dome 
post-maintenance test requirements are the 
game as those outlined for the gimbal bearing, 
oxidizer dome, and thrust chamber injector 
(paragraph 4-72), 


4-76. THRUST CHAMBER INJECTOR, The 
thrust chamber injector nost-maintenance test 
requirements are the same as those outlined 
for the gimbal bearing, oxidizer dome, and 
thrust chamber injector (paragraph 4-72). 


4-77, NO, 1 FUEL INLET ELBOW, 


Test Requirea Jtem Tested 


Fuel feed system 2. Fuel inlet elbow 
leak test. to No. Jj fuel pump inlet 
joint. 


©. No. 1 fuel pump 
inlet No. 1 pressure 
transcucer KF6a-1 to 
fuel pump inlet elbow 
‘otnt, 


* 


4-78, NO, 2 FUEL INLET ELBOW. 


Item Tested 


i ite 


Test Required 


Fuel feed system a. Fuel inlet elbow 
leak test, to fuel pump inlet joint, 


b. Fuel pump inlet 
elbow to checkout valve 
engine return hose joint, 


e, Cireckoutl valve 
engine return hose to 
checkout valve joint. 


d. Fuel pump inlet elbow 
to No, 2 fuel bleed hose 
joint. 


4-79, TURBOPUMP. The turbopump post- 
maintenance test requires that a complete engine 
system leak and functional checkout be performed 
and the engine be static-tested. 


4-80. FUEL IMPELLER BALANCE CAVITY 
SUPPLY TUBE. 


Test Required Item Tested 


Fuel feed system 
leak test. 


Tube to turbopump joints. 


4-81, FUEL IMPELLER BALANCE CAVITY 
RETURN HOSE. 


Test Required Item Tested 


Fuel feed system 
leak test. 


Tube to turbopump joints. 


4-82, FUEL DRAIN MANIFOLD. 
Test Required | Item Tested 


Turbopump bearing Manifold to overboard 
coolant system drain line joint, 
leak test. 


4-83, TURBOPUMP OXIDIZER INLET, 
Teut Required Item Tested 


Oxidizer iniet to oxidizer 
volute joint, 


LOX feed system 
leek test. 


All data on pages 4-17 through 4-58 deleted. 
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MANUAL DATA SUPPLEMENTS 


Manual Data Supplements are issued from time to time to communicate important and urgent infor- 
mation concerning the equipment covered in this volume. Thee: supplements bear an identifying 
number and should be filed in this Appendix. 


Manual Data Supplements directly affect the data in this volume and will be incorporated into thia 
volume during a future updating effort. 


A Manual Data Supplement Recurd is issued periodically to indicate the status of supplements issued 
for this volume. The status of each supplement is indicated in the Supplement Status" column. For 
active supplements, no status is entered. For incorporated supplements, "Incorporated" is entered. 


Upon reccipt of a Manual Data Supplement, make an appropriate reference to the supplement in the 
margin next to the data supplemented and enter the nuinber, date, and subject matter of the supple- 
ment on the Manual Data Supplement Record. 


MANUAL DATA SUPPLEMENT RECORD 


This Mantal Data Supplement Record indicates the statua of aupplements iasued for Technical Manual 
R-3896-3, Yolume I. Supplementa that have been incorporated into this volume shall be removed 
from the Appendix and destroyed. 


Supplement ee ad ~ Supplement 
Number So Dated Description Status 

R-3896-3 2 May 1966 Lists established hardware clean - Incorporated 
Vol I-1 nesa requirements for component 

removal and installation. 
R-3896 -3 10 June 1966 Provides procedures for correct Incorporated 
Vol 1-2 handling, removing, and installing 

of pressure-actuated (Naflex) sea's. 
R-3896-3 17 June 1966 Provides revised misalinement Incorporated 
Vol 3-3 limits to be used while fit-checking 

rigid Unes and oxidizer and fuel 

valves. ‘ 
R-3896-3 3 August 1966 Expands maintenance level of engine- Incorporated 
Vol 1-4 installed hypergol manifold assembly 

to include removal and reinstallation 

or replacement of hypergol car- 

tridge container. 
R-3896-9 22 Auguat 1966 Adds note stating that procedure for Incorporated 
Vol 1-5 transferring engine from air trans- 


port engine handler tc roadable ver- 
tical engine dolly is applicable only 
if engine is in maintenance poaition, 


APPENDIX 
Supplement 

Number Dated 
R-3896-3 31 August 1966 
Voi 1-6 
R-3896-3 31 August 1966 
Vol +7 
R~3896-3 15 September 1966 
Vol 1-8 
R-3896-3 13 October 1966 
Vol I-9 
R-3896-3 15 December 1966 
Vol I-10 
R-3896-3 21 December 1966 
Vol I-11 
R-3896-3 5 January 1967 
Vol I-12 
R-3896 °3 1 February 1967 
Vol [-13 
R-3896-3 16 January 1967 
Vol I-14 
R-38¥6-3 23 January 1967 
Vol [+15 : 
R-3896-3 8 February 1967 
Vol 1-16 


A-2 


R-3896-3 
Volume } 


Description 


Revises thrust chamber flush- 
ing procedure to include a 
more thorough flushing method. 


Provide 3 installation proce- 
dures for oxidizer and fuei 
drain lines on thrust chamber 
nozzle extension. 


Provides handling procedures 
for new and retsable seal plates 
containing molded rubber seals. 


Changes hydraulic control and 
purge line alinement procedure, 
oxidizer pump inlet test plate 
9020163-21 removal procedure, 
and turbine exhaust gig igniter 
harness installation require- 
ments. 


Adds part number of washers 
and specifies use of new nuts at 
turbdpump-to-oxidizer~outlet 
flatzed Joint, 


Deletes removal and installation 
procedures for engine control 
valve solenoid valves. 


Provides procedure for draining 
and cleaning position indicator 
shaft bore in fuel valve prior to 
position indicator installation, 


Authorizes use of MIL~T-27602 
and Federal Specification 


O-T-634, Type l, trichleroethylene 


for flushing thrust chamber 
oxidizer dome and gas generator 
injector oxidizer cavity. 


Identifies covers and closures 


to be used on engine Ines, check- 


out valve manifold, and engine 


control valve when engine control 


valve is removed. 


Adda an engine environmental 
temperature parameter to flight 
instrumentation parameters 


Provides leak~ and function- 
test procedures for redundant 
shutdown system. 


Supplement 
Status 


Incorporated 
in R-3896-7 


Incorporated 
in R-3896-7 


Incorpornted 


Incorporated 
in R-3890)-3 
and R-3896-7 


Incorporated 


Incorporated 


Incorporated 


Incorporated 
in R-3896-7 


Incorporated 


Incorporated 
in R-3896-7 


Incorporailed 
in R-3896 -7 


Supplement 
Number 


R-3896-3 
Vol I-17 


R-3896-3 
Vol I-18 


R-3896-3 
Vol J-19 


R-3896-3 
Vol [+20 


R~3896-3 
Vol 1-21 


R-3896-3 
Vol I-22 


R-3896-3 
Vol I- 23 


R-3696~3 
Vol {-24 


R-3896-3 
Vol 1-25 


Dated 


11 February 1987 


8 March 1967 


6 April 1967 


G April 1967 


3 April 1967 


20 April 1967 


12 May 1967 


24 May 1067 


12 June 1967 


R-3896-3 
Volume I 


Description 
Provides a procedure for 
shipping thrust chamber nozzle 
extension installed on shipping 
container RK392-40013-11. 


Adds steps to engine loading and 
unloading procedures to clarify 
installation of lift adepters on 
Air Transport Engine Handler 
G4044 prior to lifling the engine 
and handler. 


Adds leakage monitoring sort 
seals, plugs, lubrication, and 
plug torque requirements. 


Provides additional damage limits 
and disposition information for 
electrical connectors installed on 
engine harnesses. 


Adds steps to turbopump 
preservation procedure to purge 
furbopump prior to connecting 
preservative oll system. 


Revises preface page to add 
change in use of lubricants. 


Clarifies torquing sequence of 
bolts that secure sequence-valve- 
to-gas-generator open line during 
installation of gas generator. 


Revises redundant shutdown valve 
actuation procedure and replaces 
a caution with a warning. 


Clarifies reyuirement to leak-test. 
oxidizer dome flush port plugs 
anytime plugs are removed and 
reinstalled, adds information for 
removal of rust from plated and non- 
plate steel surfaces, and revises 
Mamal Data Supplement Record 

to record disposition of Supplement 
No, R~3896-3 Vol I-18. 


APPENDIX 


Supplement 
Status 


Incorporated 
in R-3896-9 


Incorporated 
in R-3896-9 


Incorporated 
in R-3896-7 


Incorporated 


Incorporated 
in R-3896-7 


Incorporated 


Incorporated 


Incorporated 
in R-3896-7 


Incorporated 


APPENDIX R-3806-3 


Volume I 
Supplement Supplement 
Number Dated Description Status 
R-3896-3 16 June 1967 Adds a caution to engine handling Incorporated 
Vol I-26 procedures caluing attention to 


the possibility that damage to engine 
heat exchanger can occur wien 
engine is in either vertical or 
hortzontal position if Engine 
Rotating Sling G4050 is not properly 
repositioned before sling is 
disconnected from engine. 


R-3896-3 21 June 1967 Provides additional disposition Incorporated 
Vol [-27 information for electrical con- 

nectora installed on engine har- 

nesses, and replaces fuel valve 

pasition indicator removal and 

installation procedure, 


R-3806-3 23 June 1967 Adds additional requirerents Incorporated 
Vol I-28 for installing and alining engine 

pressurization lines, and specifies 

torque limits for connection of 

self-locking coupling mits to 

fittings on engine control vaive. 


R-3896-3 10 July 19€7 Clarifies use of load condition Incorporated 
Vol I-29 numbered strip positions for 

operating Engine Rotating Sling 

G4050. 
R~3896-3 13 September 1967 Deletes a checkout requirement Incorporated 
Vol I-30 from the purge system leak test in R-3896-7 


and adds a checkout requirement 
to ihe turbopump LOX intermediate 
Beal flow test. 


R~-3896-3 22 September 1967 Adds a caution when torquing Incorporated 
Vo) I-31 electrical connectors. 

R-3896~3 25 September 1987 Adds requirement for using po- Incorporated 
Vol I-32 tentiometer indications when in R-3896-7 


verifying No. 1 and No. 2 fuel 
valve position. 


R--3896-3 31 October 1967 Addg corrosion removal and Incorporated 
Vol 1-33 control procedures for gas gen- 

erator fuel feed line gimbal 

section and oxidizer feed line 

bellows of oxidizer feed line 

gimbal section. 


Supplement 

Number Dated 
R-3896-3 8 November 1967 
Vo] I-34 
R-3896-3 11 December 1967 
Vol I-35 
R-3896-3 16 Janvary 1968 
Vol 1-36 
R-3896-3 8 February 1968 
Vol I-37 
R-3896-3 5 March 1968 
Vol I-38 
R-3896-3 13 March 1968 
Vol 1-39 
R-3896-3 5 April 1968 
Vol 1-40 
R-399k $3 2 May 1968 
Vol I-41 
R-3896-3 31 August 1988 
Vol I-42 
R- 3896-3 ' 15 October 1968 
Vol 1-43 


R-9896-3 
Volume I 


Description 


Revises removal and inatallation 
procedures for turbopuinp bal- 
ance Cavity hign-pressure tube 
assembly, aud adds procedures 
for removal and inatallation of 
turbopump balance line hose 
assembly (pressure return). 


Increases allowable axial spac-. 
ing between thrust chamber 
throat plug spacer and shaft 
collar when installing thrust 
chamber throat plug on engines 
incorporating MD31 change. 


Deletes area damage limits 
for anodic-coated parts. 


Changes a lypergol manifold 
test. 


Reduces hose self-locking nut 
minimum torque value from 
50 to 35 inch-pounds, 


Changes torque values of 
fasteners that secure gas gen- 
erator chamber pressure 
tranaducer P119 and combus- 
tion Chamber pressure trans- 
ducer P123 to their respective 
adapters, and changes torque 
value of gas generator fuel 
inlet drain quick-disconnect. 


Adds lubrication requirements 
and torque values for gas gen- 
erator fuel inlet drain quick- 
disconnect on engines incorpo- 
rating MD198 change. 


Reylsea format in order to 
clarify inspection test require- 
ments for cleaned parts. 


Provides limitations for using 
flex.ble instrumentation hoses, 


Delates inspection requirements 
in regard to reforming copper 
rings on turbine inlet tempera- 
ture traneducer, and adda a re- 
quirement that transducer must 
be returned to Rocketdyne repre- 
sentative for dispasition. 
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Supplernment 
Status 


ane 


{Incorporated 


Incorporated 


Incorporated 


Incorporated 


Incorporated 


Incorporated 


Incorporated 


Incorporated 


Incorporated 


Incorporated 


APPENDIX 


Supplement 
Number 


R-3896-3 
Vol 1-44 


R-3896-3 
Vol 1-45 


R-3896-3 
Vol 1-46 


R-3896-3 
Vol 1-47 


R-3896-3 
Vol 1-48 


R-3696-3 
Vol I-49 


R-3896-3 
Vol J.-50 


R-3896-3 
Vol 1-51 


R-3896.3 
Vol I-52 


R-3896-3 
Vol 1-53 


R-3896-3 
Vol 1-54 


Rated 


30 October 1968 


6 November 1968 


30 December 1968 


14 January 1969 


15 January 1968 


28 January 1969 


3 February 1969 


7 February 1969 


18 March 1969 


21 March 1969 


24 March 1969 


R-3896-3 
Volume I 


Description 


Seed 


Provides towing instructions for 
Roadable Vertical Engine Dolly 
G4051. 


Superseded by Supplement 
No. R-3896-3 Vol 1-46. 


Adds selected flight engine con- 
figuration component preinstal - 
lation test requirements, and 
changes thrust OK pressure 
swiich p]ekup pressure tolerance. 


Clarifies engine variable orifice 
requirements, and chanzes seal 
monitoring port requirement for 
heat exchanger check valve to 
LOX flowmeter. 


Provides additional requirements 
for removing and installing tur- 
bine inlet manifold temperature 
transducers. 


Changes line joint alinement re- 
quirements for gas generator sys- 
tem close line, adds joints aline- 
ment requirements for gas generator 
system open line, and deletes Jubri- 
cating requirements for igniter in- 
jector end line geal. 


Adds acceptance criteria and dis- 
position regarding electrical con- 
nectors that are found to be louge, 
and seal monitoring port requirement 
for heat exchanger LOX flowmeter 

to heat exchanger LOX inlet line. 


Changes torque values of helium and 
GOX wrap-around lines, and changes 
part number of nuts that secure 
cocoon purge wrap-around line. 


Changes torque value of ignition 
monitor valve bypass line to manifold. 


Add orificing requirements for chang- 
ing bearing coolant control valve. 


Changes usability requirements and 
adds inspection criteria for K-seals. 


Supplement 
Status 


Incorporated 


Incorporated 


Incorporated 


Incorporated 


Incorporated 


Incorporated 


Incorporated 


Incorporated 
Incorporated 


Incorporated 


Supplement 
Number 


R-3896-3 
Vol [-55 


R-3896-3 
Vol 1-56 


R-3896-3 
Vor I-57 


R-3896-3 
Vo} 1-58 
R-3896-3 
Vol 1-59 
R-3896-3 
Vol 1-60 
R-3896-3 
Vol 1-61 


R-3896-3 
Vol I-62 


R-3896-3 
Vol I-63 


Dated 


27 March 1969 


26 May 1969 


30 June 1969 


3 July 1969 


17 July 1969 


6 August 1969 


15 September 1969 


25 September 1969 


23 September 1969 


nD 


R-3896-3 
Volume I 


Description 


Adds engine purge requirement 

and procedure for LOX pump seal 
during engine rotation, (Data for 
"ibrication of drain tube assembiles 
is incorporated in R-3896-3, Volume 
Il.) 


Adds seal monitoring port 
reverse~leak test and torque value 
change for joint fasteners of helium 
and GOX wrap-around ducts. 


Changes lubricating material for 
electrical and instrumentation 
connectors, 


Provides clarification for reuse 
of seal plates. 


Provides revised installation 
procedure for fuel impeller 
balance cavity supply tube. 


Adds clarification for use of nylon 
or polyethylene gloves. 


Adds removal, installation, and 
leak test procedures for sequence 
valve, 


Adds instructions for locating 

and installing engine identification 
plate and modification identification 
plates. 


Substitutes lubricant grease 
RBO140-012 (Rocketdyne) for 
lubricant KEL-F 90 (Minnesota 
Mining and Mfg) for all engine 
applications except thrust chamber 
oxidizer tome bolts, adds a cart-on 
concerning removal of covers and 
closures before engine components 
are installed or connected, aud 
changes torque values on heat ex- 
changer wrap-around lines and 
bearing coolant control valve supply 
line, 
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Supplement 
Status 


Incorporated 


Incorporated 


Incorporated 


Incorporated 


Jneorpurated 


Incorporated 


Incorporated 


incorporated 


Incorporated 


Change No. 2 ~ 15 December 1°69 A-17 


APPENDIX R-~3B896-3 


Volume I 

Supplement Supplement 
Number Dated Description Status 

R-3896-3 15 October 1969 Adds proceedures for drying cleaned Incorporated 
Vol I-64 parts to remove cleaning compounds 

or solvents, specifies use of elther 

gaseous nitrogen (MIL-P-27401) or 

clean, dry air conforming to the 

cleanness and humidity requirements 

of MIL-P-27401, and adds a warning 

when liquid nitrogen is used during 

cleaning of all-metal hoses. 
DP -3896-3 6 November 1969 Adds requirement to perform a Incorporated 
Vol I-65 valve timing test during engine con- 

trol valve post-maintenance test, 
R-3896-3 25 November 1969 Removes standard requirements for Incorporated 
Val 1-66 retorquing fasteners. 
R-3896-3 12 March 1970 Expands and clarifies general torquing incorporated 
Vol 1-7 procedure. 
R-3896-3 1% March 1970 Increases acceptable shelf life and Incorporated 
Vol 1-68 installed life of synthetic rubber parts. 
R-3896-3 17 March 1970 Adds procedure for removing solenoid Incorporated 
Vol 1-69 slave pilot valv and relurn plug cover 

plate, inspeclions to he made, measure- 

ments to he taken, and hydraulic control 

system leak and test requirement. 
R-3896-3 21 April 1970 Adds procedure for alining igniter fuel Incorporated 
Vol I-70 supply and engine supply tubes, and 

modifies applicable component removal 

and installation procedures. 
R-3896-3 22 May 1970 Changes fitting part number and adds Incorporated 
Vol I-71 post-mainlenence test requirements 

for joints of igniter fuel supply and 

engine supply tubes. 
It-3896-3 19 June 1970 Adds alternate material for renoving Incorporated 
Vol 1-72 rust from external engine surfaces. 
R-3896-3 16 October 1970 Provides new procedures for removing Incorporated 
Vol I-73 and installing the engine control valve 

and changes control and purge line gap 

dimensions. 
R-3896-3 19 October 1970 Deletes the preinstallation test Incorporated 
Vol I-74 requirements for certain engine 

components, 


A-8 Change No. 5 = 8 March 1b71 


R-3896-3 APPENDIX 
Volume I 
Supplement Supplement 
Number Dated Description Status 
R-3896-3 5 November 1970 Provides criteria for preinstallation Incorporated 
Vol 1-75 ‘inepection of Naflex seals. 
R-3896-3 13 January 1971 Provides 4 procedure for disconnecting Incorporated 
Vol 1-76 , and connecting the heat exchanger for 
inatallation of a torque bar on the 
second-stage turbine wheel during 
turbopump maintenance. 
R-3896-3 28 January 1971 Adds o step for inspecting that pin Incorporated 
Vo) I-77 securing gate in oxidizer dome 
purge check valve is installed before 
installing the valve, and adda a 
procedure for replacing packings 
and retainers in the override port 
end of the engine control valve. 
R- 3896-3 14 April 1971 Adds removal and installation Superseded 
Vol 1-78 procedures and post~maintenance by R-3896-3 
test requirements for the ignition Vol I-82 
moniter valve cap. 
R-3896-3 21 April 1971 Relaxes torque requirement for Incorporated 
Vol I-79 the oxidizer duct to volute flange 
fasteners, 
R-3896-3 26 April 1971 Clarifies alinement requirements Incorporated 
Vol I-80 for control and purge line critical 
joints, 
R-3896-3 2? April 1971 Adds a procedure for stripping dye Incorporated 
Vol 1-81 from surfaces that will contact 
liquid oxygen when parts are installed, 
R-3896-3 30 April 1971 Adds vemova!l and installation Incorporated 
Val 1-82 procedures and post-maintenance 
test requirements for the ignition 
monitor valve cap. 
R-3886-3 13 July 1973 Corrects the plug and seal require- Superseded 
Vol 1-83 ments for the heat exchanger oxidizer by R-3896-3 
flowmeter seal monitoring ports, Vol I-84 
dated 
28 July 1971 
Change No, 6 - 28 November 1971 A-9 
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Supplement 


Number 


R- 3896-3 
Vol I-84 


R-3896-3 
Vol 1-86 


R-3896-3 
Vo} I-87 


R-3896-$ 
Vol I-88 


R-3896 -3 
Vol I-89 


R-38 96-3 
Vol 1-90 


R-3896-3 
Vol I-9t 


R-3896-3 
Vol I-92 


~3896-3 
Vol I-93 


A-10 


Dated 


28 July 1971 


44 August 1971 


16 August 1971 


11 October 1971 


20 January 1972 


7 March 1972 


31 March 1972 


10 Aprii 1972 


13 June 1972 


Change No, 8 - 18 August 1972 


R-.3$96-3 
Volume I 


Deseription 
Replaces Manual Data Supplement 
R-3896-3 Vol I-83, dated 13 July 1971 
and existing figure 3-3B, titled Seal 
Monitoring Port Requirements, to be 
compatible with the format of the seal 
monitoring pert requirements specified 
in R-3896-11, OICN No. 57, which 
clarified seal lubrication requirements, 


Corrects seal part numbers for 
instrume:tation taps HH3c, HH4, 
and HOS, 


Updates component preinstalletion 
test requirements, 


Replaces Manual! Data Supplement 
R-3896-3 Vo] I-87, dated 16 August 
1971 to add preinstallation test 
requirements, removal and 
installation procedures, and post 
installation test procedures for the 
four-way solenoid valve; to update 
existing preinstailation test require~ 
ments to indicate that the requirements 
are only for replacement components; 
to change preinstatlation test require- 
ments for the engine control valve; 
and to correct a torque value for 
installing hypergol manifold car- 
tridge container, 


Adds age control requirements and 


usability testing for specified materials. 


Adda an allowable alternate part for 
a gasket, 


Adds 2 procedure for cleaning interior 
of electrical connectors. 


Adds a torque method for installing 
fittings which ise K-scals. 


Changes the pressure limits for 
low-pressure ganes, 


OER rh ile ey eh 


Supplement 
Status 


Incorporated 


Incorporated 


Superseded 
by R-3896-3 
Vol I-88 dated 
11 October 
1971 


Incorporated 


Incorporated 
incorporated 
Incorporated 
Incorporated 


Incorporated 


Supplemen: 
Number 

R-3896-3 

Vol 1-94 


R-3896-3 
Vol I-95 


R-3896-3 
Vol 1-96 


R-3896-3 
Vol 1-97 


R-3896-3 
Vol I-98 


R-3896~3 
Vol 1-99 


Dated 


30 October 1972 


6 November 1972 


2 February 1973 


1 March 1973 


5 April 1973 


16 April 1973 


R-3896-~3 
Volume I 


Adds a usability test for gasket sealant 


RBO120-034. 


Description 


er ante nett TN 


Adds a procedure for cleaning tarnish 
from electrical connector pins, 
updates the material list to include 
the materials required to clean off 
the tarnish, and chanyea the shelf life 
and specification reference for white 


sealant RTV- 


102 (General Electric). 


Addg information about potential 
hazarda when using polyurethane 
and urethane foam. 


Changes the passivating procedure 
by adding the requirement for a glass 
fiber applicator. 


Adds warnings for handling specific 
materials used in the manual. 


Deletes leak-test compound 
(MIL- L.-25567). 
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APPENDIX 


Supplement 
Status 


Incorporated 


Incorvvrated 


Incorporated 


Incorporated 


Incorporated 


Incorporated 
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